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PREFACE 
In this doctoral dissertation the question is addressed how prior knowledge 
activation and conceptual change can be fostered In other words, the empirical 
studies described in this book can be characterized as studies attempting to 
promote prior knowledge activation and conceptual change In this respect, this 
thesis relates to a major trend in science education the idea that science 
teaching should focus on concepts and conceptual change to enhance student 
understanding 
In the first three chapters, the (theoretical, empirical, and practical) background 
of the empirical studies will be presented In chapter 1, the theoretical 
framework concerning prior knowledge and learning will be explained 
Instructional strategies to foster conceptual change will be presented in chapter 
2 In these two chapters, relevant empirical studies will be discussed within the 
framework of the underlying theory In chapter 3, a specific series of studies 
carried out by Karen Ah (1990), in which I already participated, will be 
described the current empirical studies, to be presented in chapters 4 to 7, 
directly build upon Karen All's work Finally, in chapter 8, the results and 
conclusions from the four empirical studies will be summarized and discussed 
and recommendations for future research and educational practice will be 
formulated The original versions of chapters 4, 5, and 6 are already published 
as articles in various international journals (the original version of chapter 7 is 
under review) Nevertheless, I have tried to edit these chapters so that this 
thesis can be read as a book instead of a collection of separate articles 
I would like to thank everyone who supported me in doing this research project 
and/or in writing this book In this respect, special thanks go to my promotor 
Robert-Jan, to my advisors Karen, Frank, and Rinus, to the teachers Gerard, 
Wim, Marijke, Miri and Rob, to my (former) colleagues at the departments in 
Tilburg, Nijmegen, and Wageningen (especially Jan, Paul, Kees, Leon, Loes, 
and Ellen), and, most of all to Caroline, my family, and my friends 
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1 PRIOR KNOWLEDGE AND LEARNING 
1.1 GENERAL INTRODUCTION 
In the late sixties, Ausubel (1968) already stressed the relevance of prior 
knowledge for learning in his view, the most important single factor influencing 
learning is what the learner already knows Subsequently, many researchers 
have referred to the determining influence of prior knowledge on students' 
learning processes and learning performance (eg Weinert, 1989, Dochy, 
1992, Hegland & Andre, 1992, Duit, 1994) Prior knowledge can be described 
as all knowledge learners have when entering a learning environment, and 
which is potentially relevant for constructing new knowledge With respect to 
the terminology used in this book, "prior knowledge", "preconceptions", 
"informal knowledge", "naive theories", "alternative conceptions", "alternative 
frameworks", and "original ideas" should be regarded as synonyms 
Conceptions reflect the way learners look at certain phenomena Thus, 
preconceptions can be defined as domain specific conceptions constructed by 
students based upon their concrete everyday experiences or interactions with 
particular natural phenomena before formal instruction (see also Biemans & 
Simons, in press) 
Recent constructivist learning theories (eg Hegland & Andre, 1992, Duit, 
1994) consider the active use of prior knowledge to be a key strategy for 
constructing rich and useful mental representations while studying new 
information If the learner has constructed representations of a certain domain 
based upon learning experiences in the past, s/he can use this prior knowledge 
when s/he has to study related material prior knowledge can enable the learner 
to relate concepts, to think of examples, to structure the learning material, etc 
(Vermunt, 1992) Thus, prior knowledge activation can support knowledge 
construction processes with deeper understanding as a result 
In many learning situations, however, students' preconceptions do not enter 
the learning process automatically and/or students do not succeed in activating 
and using their prior knowledge intentionally and actively (De Jong & Simons, 
1990 Dochy, 1992) Consequently, they may learn new information as 
"isolated" bodies of knowledge (Schmidt, 1982) and experience difficulties 
applying the new knowledge in novel situations (Saxena, 1991) In other 
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words, in many cases students appear to need instructional support to activate 
their prior knowledge and to learn in a meaningful way 
Prior knowledge activation can also promote (major) restructuring of already 
existing knowledge (conceptual change) to provide students with a more fruitful 
conceptual framework for particular contexts (Duit, 1994) Previous research 
(see Pfundt & Duit, 1994) has shown that many learners do not hold correct 
preconceptions (ι e preconceptions being in accordance with generally 
accepted scientific views) before formal instruction often, their prior 
knowledge is not in accordance with generally accepted scientific views, or 
only partially As has been shown in many studies ( e g Eylon & Linn, 1988, 
Gunstone, 1988, Ah, 1990, Brown, 1992), incorrect or partially incorrect prior 
knowledge is relatively stable and tends to resist change Such incorrect and 
incomplete conceptions can block knowledge construction processes if they are 
not diagnosed and corrected during learning Therefore, the existence of 
students' incorrect and incomplete preconceptions implies that learning does 
not only involve acquiring or constructing new conceptions, but also 
restructuring of existing conceptions, ι e conceptual change (Prawat, 1989, 
Chinn & Brewer, 1993, Vosniadou, 1994) Although certain instructional 
strategies have been shown to contribute to knowledge restructuring, Tergan 
and Oestermeier (1993, pp 1 2) conclude "There is a need for research 
concerning the cognitive processes of knowledge restructuring as well as the 
instructional conditions that may foster processes of conceptual change ( ) 
There is also a need for the development of powerful learning environments ( ) 
to promote processes of conceptual change" (see also Glaser, 1991) 
To summarize the conclusions drawn above, the central question is how 
instructional systems can help students use their correct or partially correct 
prior knowledge without creating interference and, simultaneously, deal with 
incorrect or partially incorrect prior knowledge, which tends to resist change 
Therefore, in this doctoral thesis, the question is addressed how prior 
knowledge activation and conceptual change can be fostered or, in other 
words, how students' knowledge (re)construction processes can be promoted 
In this respect, this book relates to a major trend in science education the idea 
that science teaching should focus on concepts and conceptual change to 
enhance student understanding (Kelly, 1993) 
The four empirical studies to be described in this dissertation can be 
characterized as studies attempting to promote prior knowledge activation and 
conceptual change (Hashweh, 1988) In these studies, the so called CONTACT 
strategy, whose effectiveness was shown by AN (1990) (see for more details 
chapter 3), was subjected to closer inquiry In this respect, the studies were in 
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line with the recommendations of Champagne et al (1983), who advocated 
investigations of the extent to which instructional strategies facilitate 
conceptual change, identification of strategy features that may be significant in 
promoting conceptual change, and appropriate modification of instructional 
strategies in light of their use 
The CONTACT strategy (or COMPACT strategy, as it is called in Dutch) is based 
upon current conceptual change approaches (see for more details chapters 2 
and 3) This instructional strategy is typified by cONTinuous, computer-assisted 
ACTivation of the conceptions of individual learners while they are processing 
expository texts The CONTACT strategy is based upon a process-oriented, 
heuristic activation model consisting of five steps aimed at conceptual change 
(see also section 2 4) 
1) searching for one's own preconceptions, 
2) comparing and contrasting these preconceptions with the new 
information, 
3) formulating new conceptions, based upon the previous step, 
4) applying the new conceptions, 
5) evaluating the new conceptions, based upon the previous step 
Computer-assisted instructional strategies aimed at conceptual change, such as 
the CONTACT strategy, can enable individual students to use their own 
conceptions as the starting point for knowledge (re)construction processes, 
which can hardly be realized in concrete classroom situations Moreover, 
computer assisted instructional strategies can activate the student to perform 
learning activities aimed at conceptual change and provide support whenever 
the student needs this (see also section 2 6) 
The four empirical studies described and discussed in chapters 4 to 7 of this 
book were aimed at answering the following concrete research questions 
1) To what extent do the various steps of the CONTACT strategy contribute 
to its effectiveness (see chapter 4)? 
2) Can the effects of the CONTACT strategy be increased (see chapter 5)? 
3) To what extent can students learn the various learning activities 
corresponding to the steps of the instructional strategy (see chapter 6)? 
4) Which (quantitative and qualitative) differences in cognitive learning 
activities exist between students who are successful in studying text 
while being supported by the instructional strategy and students who are 
less successful in this respect (see chapter 7)? 
In the first three chapters, the (theoretical, empirical, and practical) background 
of these studies will be presented In chapter 1, the theoretical framework 
concerning prior knowledge and learning will be explained Instructional 
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strategies to foster conceptual change will be presented in chapter 2 In these 
t w o chapters, relevant empirical studies will be discussed within the framework 
of the underlying theory In chapter 3, a specific series of studies carried out by 
All (1990), in which the author of this dissertation already participated, will be 
described The current empirical studies, to be presented in chapters 4 to 7, 
directly build upon All's work Finally, in chapter 8, the results and conclusions 
from the four empirical studies will be summarized and discussed and 
recommendations for future research and educational practice will be 
formulated. 
1.2 THEORETICAL FRAMEWORK 
1.2 1 Active and effective learning 
The idea that learning should be active already is widely spread among teachers 
and educational researchers On the basis of an analysis of science education 
curriculum and instruction trends for the period 1953 1992, Kelly (1993) 
identified the assumption that students should be actively involved in learning 
processes to improve retention and application of scientific knowledge as a 
(second) major trend in current science education In other words, a main 
assumption underlying many recent (constructivist) theories of learning and 
instruction is that knowledge and skills cannot be transferred to the learner in a 
direct way but result from his/her own learning activities (e g Resnick, 1989, 
Duffy & Jonassen, 1991, De Jong, 1992, Vermunt, 1992) Consequently, the 
quality of learning performance (what and how much is being learned) highly 
depends on the quality and nature of the learning activities undertaken by the 
learner (Biemans & Simons, 1992) 
Such constructivist approaches of learning and instruction all share a "view of 
human knowledge as a process of personal cognitive construction, or invention, 
undertaken by an individual who is trying, for whatever purpose, to make sense 
of her social or natural environment" (Taylor, 1993, ρ 268) Because of the 
specific nature of learning processes, the learner should be considered as an 
active constructor of knowledge in essence, the learner is no photocopier 
purely reproducing "external knowledge" nor should s/he be encouraged (or 
forced) to behave like that 
In this respect, sharp contrasts exist between constructivist perspectives and 
more traditional objectivist theories of learning and instruction Constructivists 
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usually claim that learners construct knowledge through intellectual activity and 
they do not accept the objectivist assumption that knowledge is transmitted 
to the learners by an external source Therefore, from a constructivist 
perspective, learning environments should facilitate, guide, and coach active 
learning by the learner Active learning is not an easy thing for learners to do 
students can only be active learners if they believe in the benefits of active 
learning, if they know how to learn in an active way, if they get rewarded for 
active learning, if they have the necessary thinking and learning skills, if they 
are learning in a stimulating learning environment, etc (Simons, 1991) 
Simons (1991) stressed that learning should not only be active to be effective 
but also constructive, cumulative, goal oriented, diagnostic and reflective (see 
also Shuell, 1988) 
active students should perform certain learning activities while 
processing information from a learning task to learn in a meaningful way, 
constructive students should elaborate new information and relate this 
knowledge to other information to retain simple information and to 
understand complex material, 
cumulative new learning should build upon and/or use the learner's prior 
knowledge, 
goal oriented learning is most likely to be successful if students are 
aware of the goals towards which they are working (at least in a general 
sense) and if they have expectations appropriate for attaining the desired 
outcomes, 
diagnostic learners should perform learning activities such as monitoring, 
self testing, and checking, which enable them to diagnose and judge 
whether they are still pursuing the goals they had set, 
reflective students should be or become aware of their own learning 
processes and ways of learning 
In this book, the focus will (mainly) be on one of these characteristics of 
effective learning the cumulative nature of learning 
1 2 2 Cumulative learning 
As stated by Shuell (1988) and Simons (1991), an essential aspect of effective 
learning is searching for and using prior knowledge in understanding new 
information Recent (constructivist) learning theories consider the active use of 
prior knowledge to be a key strategy for constructing rich and useful mental 
representations For example Hegland and Andre (1992, ρ 233) stated that 
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"at any given point, the learner has a store of knowledge about scientific topics 
that are his/her constructions of reality based upon his/her experiences or 
interactions with the real world " At any given moment, this prior knowledge 
can serve as the starting point for future learning Therefore, the cumulative 
nature of learning is considered to be the most fundamental assumption 
concerning the learning process (Voss, 1987) If the learner has constructed 
representations of a certain domain based upon learning experiences in the 
past, s/he can use this prior knowledge when s/he has to study related 
material As mentioned in section 1 1, prior knowledge can enable the learner 
to relate concepts, to think of examples, to structure the learning material, etc 
(Vermunt, 1992) Thus, prior knowledge activation can support knowledge 
construction processes with deeper understanding as a result In the next 
section, the concept of "prior knowledge" will be explored in more detail 
1.2.3 Prior knowledge 
1.2.3.1 Definition of prior knowledge 
Following Ausubel (1968), many researchers have referred to the determining 
influence of prior knowledge on learning processes and learning performance 
(eg Wemert, 1989, Dochy, 1992, Hegland & Andre, 1992, Duit, 1994) In 
many studies, 30 to 60 per cent of the variance in students' learning results 
can be explained by prior-knowledge variables (Schmidt, 1984) Korkel (1987), 
who represented the relations between age intelligence, metacognition, prior 
knowledge, and performance in a LISREL model, even reported a parameter 
estimate of 93 for the structural relationship between prior knowledge and 
memory performance Apparently, prior knowledge is (or can be) very relevant 
for learning, but what exactly is meant by the concept of "prior knowledge"7 
As mentioned in section 1 1, prior knowledge can be described as all 
knowledge learners have when entering a learning environment, and which is 
potentially relevant for constructing new knowledge (see also Biemans & 
Simons, in press) With respect to the various kinds of knowledge, the 
distinction between "declarative" or "conceptual knowledge" (knowledge 
concerning facts and principles from a certain domain) and "procedural 
knowledge" (workable knowledge used in actions or manipulations) is made 
frequently (see for more details Anderson, 1980 Ah, 1990, Pieters, 1992) 
Constructing one kind of knowledge does not necessarily guarantee 
constructing the other (Andre 1986) 
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Another distinction made in several learning theories is the distinction between 
"situational knowledge" and "strategic knowledge" (see also Ali, 1990) 
Situational knowledge refers to knowledge concerning problem situations as 
they may occur in a certain domain and can both pertain to declarative and 
procedural knowledge Strategic knowledge, on the other hand, pertains to 
knowledge that applies to problem solving processes as a whole, independent 
of a particular domain Strategic knowledge can also involve both declarative 
and procedural knowledge (a strategy can be described as a general plan of 
action including the sequence of various cognitive activities see Posner & 
McLeod, 1982) In other words, learning implies both domain specific and 
domain transcending learning processes (Shuell, 1986), although evidence is 
quite strong that learning is more domain specific than it has been considered 
to be in the past (see also Glaser, 1984, Brown, Collins & Duguid, 1989) 
Another aspect of knowledge concerns the situation in which knowledge is 
constructed in school or out (see also Prawat, 1989, Reif & Larkin, 1991) 
With respect to "school knowledge", knowledge construction is constrained by 
the state of the art of the particular knowledge domain Knowledge 
construction outside school, on the other hand, is induced by daily experiences 
and is not validated on the basis of certain scientific standards Students bring 
such naive or informal knowledge to almost any learning situation both kinds 
of knowledge are assumed to influence one another One aspect affecting the 
link between both kinds of knowledge concerns the values students attach to 
knowledge (Salomon, 1989) Knowledge constructed outside school can serve 
as the basis for knowledge construction in school naive knowledge can 
determine how students will construct knowledge in formal learning situations 
and what knowledge will be constructed Unfortunately, only few indications 
can be found that traditional formal instruction builds upon students' prior 
knowledge (Resnick, 1986) 
Dochy (1988, ρ 19) defined prior knowledge as "the learner's domain-specific 
prior knowledge state before studying a learning task " According to Alexander 
et al (1989), the terms "domain specific knowledge", "content-specific 
knowledge", and "subject matter knowledge" all signify knowledge about a 
specific field of study Defining prior knowledge, Alt (1990) also restricted 
herself to students' domain-specific knowledge before formal instruction, just 
as most researchers who have studied the influence of prior knowledge on 
learning 
In this book, an identical definition of prior knowledge is adopted With respect 
to the terminology used, "prior knowledge", "preconceptions", "informal 
knowledge", "naive theories", "alternative conceptions', "alternative 
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frameworks", and "original ideas" should be regarded as synonyms (see also 
Blosser, 1987) Conceptions reflect the way learners look at certain phenomena 
(Johansson, Marton & Svensson, 1985) Thus, preconceptions can be defined 
as domain specific conceptions constructed by students based upon their 
concrete everyday experiences or interactions with particular natural 
phenomena before formal instruction (see also Biemans & Simons, in press) 
1.2.3.2 Prior knowledge and information processing 
How does prior knowledge affect information processing7 Apparently, in many 
learning situations, prior knowledge is used automatically and unconsciously 
people would not be able to learn or think without very many of these 
automatic and unconscious processes In such situations, students' prior 
knowledge does not have to be activated consciously some prior knowledge is 
just needed to perceive and understand new information 
Other prior knowledge, however, will only be used when it is consciously 
activated either by the learner or by the instructional environment (eg a 
teacher or a computer-assisted training programme) in such learning situations, 
the extent to which prior knowledge is activated has important implications for 
the learning process (see also Bransford & Johnson, 1972, Mayer, 1989, Ah, 
1990, Dochy, 1992) At this point it should be noted that some prior 
knowledge can perhaps better not be activated at a certain moment (e g 
because it will confuse the learner, because it may result in too much 
knowledge for the learner to combine, because it may distract the learner from 
main points, because it may complicate things too much, because it may be 
irrelevant "globetrotting" -, etc ) 
Activated prior knowledge should be explicitly related to the new information 
from the learning task to foster integration of both types of knowledge (see also 
Bransford & Johnson, 1972, Mayer, 1989, Ah, 1990, Dochy 1992) In other 
words, new information in the student's short term memory should be 
consciously related to knowledge from the student's long-term memory The 
extent to which this results in integrated and useful knowledge depends on the 
thoroughness of these relating processes Integration is an essential condition 
for comprehensive learning if the new information from the learning task and 
the student's prior knowledge are not integrated, learning may result in 
"isolated" knowledge, which can only be reproduced but cannot be used while 
answering questions aimed at understanding and problem solving (Schmidt, 
1982, Mayer, 1989, Saxena, 1991) 
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With respect to the specific cognitive activities and processes that can be 
affected by prior knowledge, various opinions coexist (see for more details AN, 
1990, Dochy, 1992) According to AN (1990), prior knowledge is claimed to 
influence the following cognitive activities and processes 
perception of new information depending on the learner's prior 
knowledge, his/her attention can be selectively aimed at certain parts of 
the new information (Mayer, 1980), 
capacity of the student's short term memory when the learner already 
has prior knowledge, more new information can be processed per unit of 
time (Schmidt, 1984), 
number of elaborations and nature of these elaborations using prior 
knowledge while processing new information can foster relations 
between knowledge elements, new knowledge elements may be related 
to one another ("comparative elaboration") or new knowledge elements 
may be related to prior knowledge ("integrative elaboration"), both kinds 
of elaboration processes foster integration of new information and prior 
knowledge and, thus, the accessibility of new knowledge in future task 
situations (more retrieval paths and higher retrieval efficiency) (Mayer, 
1980), 
encoding of new information and construction of mental representations 
activating prior knowledge can facilitate encoding processes and, thus, 
affect the ways in which mental representations are constructed 
(Rothbart, Evans & Fulero, 1979, Haberlandt, 1980), 
retrieval of new information mental activation can facilitate retrieval of 
new knowledge when the learner is confronted with related tasks 
(Anderson & Pichert, 1978), 
both encoding and retrieval of new information activation both before 
and after learning new information can affect both encoding and retrieval 
processes in a positive way (Anderson, Pichert & Shirey, 1983), 
representation of new information when the learner already has prior 
knowledge, the number of new propositions to be represented is smaller 
("representation-saving") (Johnson & Kieras, 1983) 
In many learning situations, however, students' prior knowledge does not enter 
the learning process automatically and the students do not succeed in 
activating and using their preconceptions themselves (De Jong & Simons, 
1990, Dochy, 1992) In such situations, students appear to need instructional 
support to activate their prior knowledge and to learn in a meaningful way 
As mentioned in section 1 1, prior knowledge activation can also promote 
(major) restructuring of already existing knowledge (conceptual change) to 
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provide students with a more fruitful conceptual framework for particular 
contexts (Duit, 1994) Therefore, in the next section, the focus will be on 
qualitative and quantitative differences in (prior) knowledge 
1.2.3.3 Qualitative and quantitative differences in (prior) knowledge 
With respect to all kinds of (prior) knowledge, both quantitative and qualitative 
differences are possible, quantity of (prior) knowledge does not necessarily 
parallel quality of (prior) knowledge Many studies (see Pfundt & Duit, 1994) 
have shown that many learners do not hold correct preconceptions (ι e 
preconceptions being in accordance with generally accepted scientific views) 
before formal instruction often, their prior knowledge is not in accordance with 
generally accepted scientific views, or only partially 
Generally accepted scientific views especially exist in well-structured 
knowledge domains, for example in the domain of basic physical geography, 
which has been treated in the studies to be described in chapters 4 to 7 The 
distinction between incorrect and incomplete conceptions on the one hand and 
correct conceptions on the other is far less clear in complex, ill-structured 
domains or when advanced knowledge construction is concerned (see Spiro et 
al , 1991) 
The existence of generally accepted scientific views in well-structured 
knowledge domains, however, does not necessarily imply that the particular 
concepts can be easily understood by students, simply because they concern 
basic knowledge (Odom & Settlage, 1994) incorrect and incomplete 
(pre)conceptions (in well-structured knowledge domains) are well documented 
in the literature on cognitive psychology, educational technology, science 
instruction, intelligent tutoring systems, and other related fields (see also Pfundt 
& Duit, 1994) 
Usually, such everyday conceptions in a particular domain are not predictable 
but have to be discovered, and each field therefore has to be studied 
separately Recent years have seen a substantial growth in research that probes 
children's ideas about natural phenomena (see also Pfundt & Duit, 1994) 
Incorrect and/or incomplete conceptions have been found in many domains, 
such as 
physics e g Brown & Clement, 1987, Frenette, 1988, 
Maloney, 1990, Cross & Pitkethly, 1991, Kesidou & 
Duit, 1993, Qian, 1993, 
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chemistry e g Zoller, 1990, Ebenezer, 1991, Hapkiewicz, 1991, 
Schreiber & Abegg, 1991, Griffiths & Preston, 1992, 
Niaz, 1994, 
biology e g Treagust & Haslam, 1986, Scharmann, 1989, 
Amir & Tamir, 1990, Tuli, 1991, McConney, 1992, 
Odom & Barrow, 1993; Zuckerman, 1993, Liberatore 
& Schafer, 1994, Odom & Settlage, 1994, 
genetics e g Kinnear, 1986, Browning & Lehman, 1988, 
mathematics e g Mestre, 1989, Graeber & Baker, 1991, Watson, 
1991, Graeber, 1993, 
statistics e g Konoid, 1988, delMas & Bart, 1989, 
programming e g Bayman, 1983, Lehrer & Littlefield, 1991, 
medicine e g Feltovich et al , 1988, 
history e g Brophy et al , 1991, 1992, 
economics e g Laney, 1993, 
human rights e g Wade, 1994, 
women's studies e g Streveler, 1994 
As mentioned above, this book will (mainly) be focused on students' 
preconceptions in the domain of basic physical geography Therefore, the next 
section will be dedicated to preconceptions in this particular domain 
1.2 3.4 Preconceptions in physical geography 
In the studies to be described in chapters 4 to 7, comparable findings with 
respect to the quality of students' preconceptions have been found. For 
example, in one of the training sessions, students (fifth- and sixth-graders, 
primary education) were confronted with the following problem before they had 
to study the corresponding training text (see also Biemans, 1994) 
Suppose it is a hot, sunny day and you are on the beach When you hold your 
hand close to the sand, you can feel the heat on your skin What do you 
experience when you hold your hand higher above the sand7 
Each student had to choose from six answer alternatives corresponding to 
different, frequently found conceptions of the relations between the central 
concepts involved in the problem (these conceptions had been found in 
previous research see Ali, 1 990) 
1 Higher above the sand it is warmer because it is closer to the sun 
2 Higher above the sand it is warmer because hot air goes up 
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3 Higher above the sand it is warmer because the clouds block the 
sunbeams 
4 Higher above the sand it is colder because sand is always hot 
5 Higher above the sand it is colder because the air gets heated from 
below 
6 Higher above the sand it is as warm as it is close to the sand because 
the sun is everywhere 
Only a few students appeared to have a correct preconception before studying 
the text and selected the right (ι e scientifically accepted) answer ( Higher 
above the sand it is colder because the air gets heated from below' ) A vast 
majority of the students appeared to have incomplete (e g "Higher above the 
sand it is warmer because hot air goes up") or incorrect (e g "Higher above the 
sand it is warmer because it is closer to the sun") preconceptions Identical 
patterns with respect to the quality of students' preconceptions in basic 
physical geography had been traced in All's (1990) studies 
In many other studies dealing with physical geography, comparable findings 
have been reported Based upon a literature review, Philips (1991) described 
more than fifty commonly held incorrect conceptions about earth science topics 
found in students and adults By administering a questionnaire and analyzing 
students' (fifth-, eighth-, and eleventh graders, and adults) answers Schoon 
(1989) also identified many incorrect conceptions in the earth sciences 
Stepans and Kuehn (1985) reported that most second and fifth graders do not 
use causality in their explanations when they have to explain weather 
phenomena such as wind, clouds, thunder, lightning, rain, snow and rainbows 
Rastovac and Slavsky (1986) also described students' incorrect and/or 
incomplete conceptions in climatology including commonly held incorrect 
conceptions about the earth's distance from the sun Moreover, Brimicombe 
(1991) reported incorrect conceptions about hot air and pressure gradient 
changes in the atmosphere, and Bar and Travis (1991) identified students' 
(grades 1-9) incorrect conceptions of the phase change from liquid to gas (see 
also McElwee, 1991, Pereira & Pestana, 1991) Describing secondary school 
students' incorrect conceptions about phases of the moon, Engestrom (1991) 
illustrated the separation of school learning from experience and cognition 
outside school Finally, Aron (1994) reported a basic lack of understanding 
concerning atmospheric processes and phenomena (see for other examples 
section 1 2 3 5) 
Vosmadou (1988), Baxter (1991), and Osborne (1991) concluded that students 
enter formal education with already preformed but frequently incorrect and/or 
incomplete notions about many astronomical and geographical events In this 
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respect, the title of the "Science and Children" article by Lightman and Sadler 
(1Э88) is very illustrative. "The earth is round 7 Who are you kidding 7 ". Francek 
et al (1993) claimed that these incorrect and/or incomplete conceptions are 
widespread and exist across grade levels Dai (1991) also reported that 
geographical misconceptions are widely held among elementary-school 
students in this study, no significant differences in misconceptions between 
subgroups of gender, grade, and religious background were found According 
to Kaplan (1991), even national concern exists about geographical illiteracy 
among students, particularly with respect to its origins within the classroom 
setting This conclusion leads to the following question where do incorrect and 
incomplete conceptions come f rom 7 
1 2 3.5 Origin of preconceptions 
In recent educational studies, the question how incorrect and incomplete 
(pre)conceptions originate has received much attention (see Pfundt & Duit, 
1994) Based upon the findings of these studies, various explanations have 
been provided (see, among others, Eylon & Linn, 1988, Ah, 1990): 
misconceptions may originate from observations of the world around us: 
students interpret many natural phenomena before encountering any 
formal science education (Eylon & Linn, 1988) (e g "the earth is flat"), 
empirical (over)generalizations can lead to misconceptions (Garnett & 
Treagust, 1992, Schmittau, 1993) ( e g "in the south, it is always 
warmer"), 
specific incorrect and incomplete conceptions may stem from more 
general and fundamental preexisting views being different from scientific 
conceptions (Benson, 1 9 9 1 , Vosmadou, 1994) ( e g "hotness and 
coldness are properties of physical objects"), 
inconsistent mental representations can coexist because of missing 
relations between students' ideas (Eylon & Linn, 1988, Bliss & Ogborn, 
1994) (e g "forces are not relevant to describe things at rest"), 
conceptual misrepresentations may be constructed because of conflicting 
target-domain inferences while learning from analogies ("analogical 
mapping") (Zook & DiVesta, 1991), 
misconceptions may stem from everyday ways of speaking about natural 
phenomena (Pfundt, 1981, Eylon & Linn, 1988) ( e g "the sun goes 
down") or they may originate from children's particular cultural heritage 
(Stahl, 1992), 
13 
since most adults (including teachers) hold incorrect and incomplete 
conceptions themselves, children's questions are often not answered 
correctly, so misconceptions can persist (Watson, 1991, Sanders, 1993) 
students' misconceptions may parallel misleading or inaccurate ways in 
which concepts are treated in science textbooks (Storey, 1992), 
incorrect and incomplete conceptions may also be constructed on the 
basis of prior formal instruction interpreted incorrectly by the students 
they may generate their own meaning for scientific language (Garnett & 
Treagust, 1992), 
misconceptions may be fostered because of the form and the sequence 
in which information is presented during instruction (Eylon & Linn, 1988, 
Luyten, 1990) (e g showing models of only one molecule), 
although teachers should face the prospect that students may have 
serviceable misconceptions about phenomena being studied, they are 
little acquainted with everyday conceptions and their importance for 
learning consequently, the prototypical science course ignores students' 
preconceptions and develops science "de novo" (like many educational 
researchers, many teachers are more concerned with original learning 
than with relearnmg or unlearning) (Green et al , 1980), 
the student's developmental stage (especially with respect to formal and 
abstract reasoning) may contribute to the construction of incorrect and 
incomplete conceptions (Linn, 1986) (this is no full explanation because 
adults can hold incorrect and incomplete conceptions as well, moreover, 
individual differences exist with respect to the nature and amount of 
knowledge about a certain domain, despite the developmental stage of 
cognitive abilities and skills see Carey, 1985, Benson, 1991, Chi et al , 
1991), 
the learner's limited information processing capacity may also be 
responsible for the construction of incorrect and incomplete conceptions 
(Linn, 1986) new information can be too complex because of which 
short-term memory overload may occur, at moments like this, the 
student is forced to select part of the information being presented, 
because of incorrect or incomplete selection, incorrect and incomplete 
conceptions may be constructed 
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1.2.3 6 Characteristics of preconceptions 
Studies on preconceptions in general and on incorrect and incomplete 
conceptions in particular have not only revealed possible explanations for their 
origin but have also shed some light on their characteristics (see also Pfundt & 
Duit, 1994) 
incorrect and incomplete conceptions differ from generally accepted 
scientific explanation models they may be based upon macro-level 
properties, unacceptable scientific theories, inappropriately applied 
theories, internally inconsistent explanations, "rule"-based justifications, 
etc (luele, 1991), 
although being incorrect, inadequate, outdated, or otherwise 
unacceptable, they may be logical, intelligently conceived, and 
sophisticated (Crawley & Arditzoglou, 1988, Prather, 1990, Rakow, 
1992), 
they can be fragmented and compartmentalized (not - yet subsumed 
within a systematic network of knowledge) (Williams, 1989, luele, 
1991); 
incorrect and incomplete conceptions can compound one another within 
a general climate of oversimplification, producing large areas of 
entrenched misunderstanding (Feltovich et al , 1988), 
they can be rigid, simplistic, and implicit, as opposed to complex, 
contextual, and explicit (Kleinfeld, 1991), 
incorrect and incomplete conceptions may not only be manifest when 
students are confronted with abstract or unrealistic problem tasks, but 
they may also affect learning performance in more concrete or realistic 
situations (McCloskey & Kohl, 1982), 
each student has his/her unique set of preconceptions (Chi et al , 1991), 
nevertheless, assumptions underlying these preconceptions can be quite 
consistent across individuals (Luyten, 1990), 
students are often emotionally and intellectually attached to their 
preconceptions (Mestre, 1989) 
The most notorious characteristic of incorrect and incomplete conceptions, 
however, is their resistance to change Therefore, the next section is dedicated 
to this aspect 
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1.2.3.7 Resistance to change 
As has been shown in many studies (e g Gunstone, 1988, Eylon & Linn, 1988, 
Ali, 1990, Brown, 1992), incorrect or partially incorrect prior knowledge is 
relatively stable and tends to resist change Recent research on learning of 
science shows that students who have completed science courses commonly 
use conceptions held before formal instruction to interpret natural phenomena 
(Gunstone, 1988) In this respect, Brown (1992) stated that traditional 
teaching-by-example techniques (presenting principles with supporting 
examples) are ineffective to achieve conceptual change (see also Luyten, 
1 990) Even after years of formal instruction in scientific theories contradicting 
them, many of these incorrect and/or incomplete preconceptions (re)appear in 
the answers students give when solving problems (Eylon & Linn, 1988) In this 
respect, Schumacher et al (1993) claimed that resistance to change is a 
common trait of human behaviour, because of the benefits of stable 
conceptions, beliefs, or attitudes as frames for behaviour 
Incorrect and incomplete conceptions can block knowledge construction 
processes if they are not diagnosed and corrected during learning (Prawat, 
1989). When students hold incorrect and/or incomplete preconceptions in a 
certain knowledge domain, various phenomena can occur following formal 
instruction apart from peripheral or radical conceptual change, Chinn and 
Brewer (1993) identified five ways of students' dealing with discrepant 
evidence ignoring, rejecting, excluding, or reinterpreting anomalous data and 
holding anomalous data in abeyance (see also Lewis & Becker, 1991) Students 
may reject new knowledge because this information is not in accordance with 
their preconceptions or they may assimilate new information with incomplete or 
incorrect preconceptions (see Piaget, 1985, De Klerk, 1987) Moreover, in 
many learning situations, instruction may not affect the underlying basis of 
students' preconceptions because incorrect and incomplete conceptions are 
often satisfactory in everyday life (Prather, 1990) and because students 
frequently are not aware of the inconsistencies between their preconceptions 
and generally accepted scientific views (Vosniadou, 1994) Very often, 
students do not feel the need to change their incorrect and/or incomplete 
conceptions Because of such phenomena, students tend to stick to their 
preconceptions and/or to construct a "corpus alienum" for the new knowledge 
(Schmidt, 1982) DiSessa (1987) stated that students hold many isolated 
preconceptions that may impede problem-solving processes In both cases, they 
leave their incorrect and/or incomplete conceptions undisturbed frequently, 
students appear not to change their preconceptions under the influence of 
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formal instruction, or to do so only partially (Vosniadou, 1988) Therefore, the 
existence of students' incorrect and incomplete preconceptions implies that 
learning does not only involve acquiring or constructing new conceptions, but 
also restructuring of existing conceptions, ι e conceptual change 
1.2.3.8 Correct preconceptions 
On the other hand, students also have prior knowledge which is in accordance 
with generally accepted scientific views Even if the learner's preconceptions 
are correct however, successful learning processes are not guaranteed As 
mentioned in section 1 2 3 2, these preconceptions do not enter the learning 
process automatically in many learning situations often, learners should do this 
consciously themselves or an instructional system should take over Although it 
is common wisdom that making close links between new information to be 
learned and existing prior knowledge is useful (see Ausubel, 1968, Dochy, 
1992), few students use their prior knowledge intentionally, spontaneously, and 
actively (see De Jong & Simons, 1990, Dochy, 1992) This is probably partly 
due to lacking cognitive skills and strategies to integrate new information and 
prior knowledge (see Frijda, 1979, De Klerk, 1983) When students do not use 
their preconceptions while learning new information, this new information may 
be learned "in isolation" (see Schmidt, 1982) Consequently, students may 
experience difficulties applying the new knowledge in novel situations (see 
Saxena, 1991) 
While investigating how eighth-graders construct understanding in science, 
Lewis (1991) identified three different types of students "converging", 
"progressing", and "oscillating" students "Converging" students tend to use 
new and powerful models being presented Moreover, they continue to add 
new information to their prior knowledge in an adequate way "Progressing" 
students combine new information at the level of local knowledge, but do not 
(yet) integrate the pieces of that knowledge to build a more robust and 
cohesive view of the particular knowledge domain "Oscillating" students only 
combine experiences sporadically and/or change their views without additional 
evidence they tend to finish science courses with isolated ideas (see also 
Schmidt, 1982) 
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1.3 CONCLUDING REMARKS 
As mentioned in this chapter, various phenomena can occur during learning that 
may explain why students tend not to use (much of) their prior knowledge in 
concrete learning situations First, they may not know which part of their prior 
knowledge is in accordance with generally accepted scientific views and which 
part is not, or only partially Secondly, students may be reluctant because they 
think that interference of new knowledge from the learning task with their 
preconceptions will occur Thirdly, they may not know which prior knowledge 
is or is not relevant in a particular learning situation Fourthly, learners may not 
be aware of the importance of using their prior knowledge in an active way 
Fifthly, they may not be aware of the various kinds of prior knowledge and the 
consequences for learning Sixthly, students may use some of their 
preconceptions automatically, without even realizing that they do so 
Seventhly, they may not be able to use their prior knowledge adequately 
because they lack the necessary learning skills, etc With respect to processing 
expository texts. Roth (1985) found that only students using a conceptual-
change strategy were successful in giving up or modifying their incorrect prior 
knowledge in favour of text explanations 
Based upon the conclusions drawn in this chapter, the central question is how 
instructional systems can help students use their correct or partially correct 
prior knowledge without creating interference and, simultaneously, deal with 
incorrect or partially incorrect prior knowledge, which tends to resist change 
Therefore, in the next chapter, instructional strategies to foster prior knowledge 
activation and conceptual change (ι e to promote students' knowledge 
(re)construction processes) will be discussed 
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2 INSTRUCTIONAL STRATEGIES TO FOSTER 
CONCEPTUAL CHANGE 
2.1 INTRODUCTION 
Prior knowledge does not only pose problems to students (as described in 
chapter 1) but also to instructional systems These problems concerning (the 
design of) instructional systems relate to the students' problems In this 
respect, the question is which instructional strategies and learning aids can be 
implemented in learning environments to support processes of prior-knowledge 
activation and knowledge (re)construction Moreover, the question arises which 
instructional conditions are required to teach students how they themselves can 
activate their prior knowledge and initiate and perform learning activities aimed 
at conceptual change In other words, how can instructional systems teach 
students how to use their correct or partially correct prior knowledge and how 
to deal with incorrect or partially incorrect prior knowledge (see also Eylon & 
Linn, 1988)? These questions will be dealt with in the present chapter First, 
however, the concept of "conceptual change" will be explored in detail 
2.2 CONCEPTUAL CHANGE 
As stated in chapter 1, for many students instructional strategies implemented 
in the learning environment are necessary to support processes of prior-
knowledge activation and knowledge (re)construction. How and to what extent 
such instructional strategies should promote integration of new knowledge into 
students' preconceptions (assimilation) (see also Piaget, 1985) seems to 
depend on the quality of these preconceptions (Gerritsen van der Hoop, 1986) 
assimilation of new information into students' preconceptions can only be 
recommended if these preconceptions can serve as a reliable basis for 
integration If this is not so, however, students' preconceptions should be 
changed or restructured - instructional strategies should be aimed at conceptual 
change in such learning situations, ι e they should encourage students to bring 
their conceptions in accordance with the (new) information from the learning 
task In this respect, conceptual change refers to a partial or radical change of 
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students' preconceptions, as opposed to integration of new knowledge into 
students' preconceptions without really changing these ideas (Salomon 1989) 
Conceptual change, in other words, requires (major) restructuring of already 
existing knowledge to provide students with a more fruitful conceptual 
framework for particular contexts (see also Jung, 1986, Duit, 1994) In this 
respect, Resnick (1983) even claimed that constructing new knowledge should 
always be considered as restructuring knowledge According to Duit (1994, ρ 
1), most influential cognitive change approaches share a common 
epistemologica! assumption "Students come to new learning situations with a 
fund of prior knowledge and the teacher's primary role is that of meaning 
negotiator or change agent" (see also Hewson & Hewson, 1992, Hewson & 
Hennessey, 1992, Wandersee, Mintzes & Novak, 1993) More traditionally 
oriented approaches have claimed that incorrect conceptions have to be totally 
extinguished and replaced by new conceptions On the basis of an 
overwhelming set of empirical data from conceptual change studies (see Chinn 
& Brewer, 1993), most constructivist approaches reject this knowledge 
replacement and transmission idea (see also Carmichael et al , 1990, Geddis, 
1991) the basic assumption underlying most influential cognitive-change 
approaches is "the key constructivist idea that construction of new conceptions 
(learning) is possible only on the basis of the already existing conceptions" 
(Duit, 1994, ρ 11) 
Although certain instructional strategies have been shown to contribute to 
knowledge restructuring and many studies have demonstrated the problems of 
students and instructional systems mentioned above (see also chapter 1), most 
of these problems have not yet been solved Therefore, the focus in the 
following sections will be on instructional conditions to promote cognitive 
knowledge (re)construction processes 
2.3 INSTRUCTIONAL THEORIES OF CONCEPTUAL CHANGE 
2.3 1 Cognitive-conflict approaches 
Nussbaum and Novick (1982) formulated one of the first instructional theories 
of conceptual change In their view, instructional strategies to promote 
conceptual change should include the following stages 
making students aware of their own preconceptions (or the 
preconceptions of others) through an "exposing event" ("a phenomenon 
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carefully selected for its ability to evoke students' preconceptions in 
order to understand i t ' Nussbaum & Novick, 1982, ρ 187) students 
should make their preconceptions as explicit as possible and they should 
reflect on these preconceptions, 
creating cognitive conflict through a "discrepant event' (an event that 
cannot be explained by the students using their preconceptions, e g a 
related but different problem situation) according to Nussbaum and 
Novick (1982), students will show the tendency to reduce this conflict, 
supporting students' search for a solution to this conflict and 
encouraging conceptual change 
This so-called ' cognitive conflict" approach of conceptual change has been 
implemented in many instructional strategies ever since (see also Scott, Asoko 
& Driver, 1992) For example, Dreyfus et al (1990) discussed a strategy 
consisting of three stages "awareness", "disequilibrium", and "reformulating" 
The conceptual change strategy proposed by Hesse (1989) consisted of three 
comparable instructional steps "diagnosis", "challenging conceptions", and 
"applying the new concepts" Tirosh and Graeber (1990) also designed a 
cognitive conflict approach to probe incorrect and incomplete conceptions 
Duit (1994, ρ 7), however, stated that "there are many studies available in the 
domains of students' science conceptions that counter-evidence does not 
necessarily change students' point of view as is explicitly or implicitly assumed 
in many teaching and learning approaches that build on the cognitive conflict " 
In his view, cognitive conflict strategies often are not very effective because 
students do not "see" the conflict and because they experience difficulties in 
dealing with anomalous data (see also Chinn & Brewer, 1993) Often, students 
seem to view discrepant events as exceptions rather than as reasons for 
cognitive change (Williams, 1989) Moreover, Wiesner (1994) claimed that 
cognitive-conflict strategies are too time consuming and may lead students into 
the wrong direction Reviewing research on reading and science education, 
Guzzetti et al (1993), on the other hand, concluded that instructional strategies 
and approaches that were effective in fostering conceptual change had a 
common element of producing conceptual conflict 
2.3.2 Strike and Posner's initial conceptual-change theory 
Strike and Posner (1985) proposed one of the most influential conceptual 
change approaches (see also Hewson & Thorley, 1989, Pmtrich, Marx & Boyle, 
1993) In their instructional theory, several conditions were discerned to foster 
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conceptual-change processes The authors claimed that the following four 
conditions must be met before students' existing preconceptions can be 
changed (see also Duit, 1994, ρ 2) 
1 Students should feel dissatisfaction with their current conception People 
do not alter concepts that play a central role in their thinking unless they 
see them as having become dysfunctional Moreover, even when their 
current concepts are not performing well, they are likely to attempt to 
solve such problems as arise with more modest changes in their 
conceptual schemata unless it becomes apparent that only a major 
overhaul of their concepts will repair dysfunction People do not 
accommodate while assimilation is still reasonable (see Piaget, 1985) 
2 The new conception must be intelligible Learners can only begin to 
explore a new concept if it makes minimal sense to them One of the 
difficulties to overcome in bringing off a dramatic conceptual change is 
that new conceptions are often not only counterintuitive, but 
incomprehensible to those committed to the old conception The learner 
does not understand what they mean and what the world would be like if 
they were true Thus, a new conception cannot become a candidate to 
replace some dysfunctional conception until the learner is able to make 
sense of it 
3 The new conception must appear initially plausible To be a candidate for 
adoption, a new conception needs not to be seen as true, but it must at 
least appear a candidate for the truth Crucial factors in initial plausibility 
are a potential to solve or dissolve outstanding problems with current 
conceptions and consistency with other well established beliefs 
4 The new conception must be fruitful It should do more than seem to 
have the potential to solve current problems It must also suggest ways 
of approaching the world and open new avenues of inquiry It must 
appear to have the potential to be a productive tool of thought 
According to their theory, students should be activated to make close links 
between new information to be learned and existing prior knowledge and to 
correct their preconceptions if necessary (conceptual change) 
2.3.3 Reactions to Strike and Posner's initial conceptual-change theory 
Although Strike and Posner's conceptual change theory has become ' very 
popular and useful" (Pintrich, Marx & Boyle, 1993, ρ 169), several points of 
criticism of their theory have been formulated Linder (1993) argued that 
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instruction should build upon examples drawn from students' everyday lives 
('more authentic learning environments') and should enable students to 
develop more meaningful person world relationships with the new conceptions, 
based upon context Pintrich, Marx, and Boyle (1993) claimed that Strike and 
Posner's theory put too much emphasis on the rational issues of conceptual 
change and that it neglected affective and social ("non rational") aspects in 
their view, several motivational constructs and classroom contextual factors are 
potential mediators of conceptual change processes (see also Boyle et al , 
1993) In this respect, Schumacher et al (1993) stated that students are 
unlikely to invest the cognitive resources that are necessary to achieve 
conceptual change if their incorrect and/or incomplete conceptions are held in 
particular domains in which they have little interest Therefore, according to 
Qian (1993), students' belief systems should be incorporated in conceptual-
change strategies, especially when they have to learn difficult concepts In 
addition, instruction should explicitly motivate students to (re)construct 
understanding (Linn & Songer, 1991) Cherkas (1992) emphasized that, when 
conceptual change processes are cultivated without external (negative) 
judgment, students' confidence can be enhanced and independent thinking 
skills can be fostered Taking both "rational" and "non rational" factors into 
account, Wittrock (1991) designed a model for generative teaching of 
comprehension that focused on preconceptions, motivation, attention, and 
generation of new models and explanations 
Metaconceptual and metacognitive aspects of learning, which were not 
explicitly included in Strike and Posner's theory, appear to affect conceptual 
change processes as well (see Thorley, 1990, Hennessey, 1991; Baird & 
Northfield, 1992, Duit, 1994) In this respect Liberatore and Schäfer (1994) 
reported a significant relationship between students' meaningful learning 
orientation and their understanding of specific concepts Other - related points 
of criticism concern issues of students' conceptions of teaching and learning, 
students' confidence concerning their preconceptions, students' tendency to 
use new conceptions without believing in them, and students' conceptions of 
science (students' philosophy of science ideas) (see also Lederman, 1992, Duit, 
1994) 
2.3.4 Contemporary views of conceptual change 
In 1992, Strike and Posner presented a criticism of their initial theory of 
conceptual change themselves, which partly came to similar conclusions as 
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mentioned in the previous section (see also Duit, 1994, ρ 5) They also viewed 
it as deficient that their initial theory put too much emphasis on the rational 
issues of conceptual change and that it neglected affective and social aspects 
Consequently, they proposed that a wider range of factors should be taken into 
account in attempting to facilitate conceptual change (see also Duit, Treagust & 
Fraser, in press) Another important issue of revision concerned students' 
conceptual ecology In their initial theory, the interaction between 
preconceptions and new conceptions was neglected Therefore, Strike and 
Posner (1992) argued for a developmental and interactionist view of conceptual 
ecologies They concluded that the view of conceptual change must be more 
dynamic and developmental, emphasizing the shifting patterns of mutual 
influence between the various dynamic components of an evolving conceptual 
ecology 
In this respect, they agreed with Lott's (1989) conclusion that prior studies 
have focused on "static" views of students' conceptions (ι e students' 
conceptions at certain points in time, especially before and after instruction) 
and have not examined the "dynamics" of conceptual change over time To 
encounter this problem and to explore the dynamics of conceptual-change 
processes, Lott (1989) designed and evaluated specific techniques for data 
collection and analysis. These methods turned out to be effective in revealing 
the patterns necessary to investigate the dynamics of conceptual change and 
provided insights concerning the reasons for the problems encountered in 
teaching for conceptual change 
Nowadays, most constructivist approaches of learning and instruction put key 
emphasis on dynamic conceptual change processes and include "supporting 
conditions" of conceptual change Among these supporting conditions (see for 
more information Duit, 1994, pp 9 11) are 'stressing the significance of 
science knowledge for the actual and later lives of the students', "putting 
emphasis on changing students' views of metaknowledge of science (ι e views 
of the nature of science concepts and theories) and metacognition (ι e views of 
the learning process) from naive everyday ideas to more adequate ones", 
"encouraging classroom climate and instructional settings that allow students to 
take responsibility of their learning processes and allow them to experience that 
science knowledge may be meaningful and significant for them" (see also 
Pintrich, Marx & Boyle, 1993, Smith, 1993), and "student-oriented assessment 
that allows students to show different aspects of their understanding" (see also 
Duschl & Gitomer, 1991, Stenmark, 1 9 9 1 , Wolf et a l , 1991) Conceptual 
change on the content level, however, still is a key concern of constructivist 
science instruction (Duit, 1994) 
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2.4 INSTRUCTIONAL STEPS TO PROMOTE CONCEPTUAL CHANGE 
To support conceptual change on the content level, most instructional 
strategies include various steps or parts Often, these instructional steps or 
parts are comparable in the sense that they appeal to similar cognitive activities 
to be undertaken by the learner Inspired by the current conceptual change 
approaches described in the previous sections, Ali (1990) and the author of this 
book have created several instructional strategies to promote both prior-
knowledge activation and conceptual change in the context of reading 
comprehension These strategies consisted of five instructional steps 
1) searching for preconceptions, 
2) comparing and contrasting preconceptions with new information, 
3) constructing new conceptions, 
4) applying new conceptions, 
5) evaluating new conceptions 
These five instructional steps will be dealt with in the next sections 
2.4.1 Searching for preconceptions 
In many recent instructional theories concerning conceptual change, the 
relevance of activating prior knowledge is stressed To be able to restructure 
their knowledge, students should first become aware of their preconceptions 
they should search for relevant preconceptions in their memory (Prawat, 1989) 
Therefore, instructional strategies should enable students to identify their own 
prior knowledge In this respect, Rice et al (1991) proposed to take a step 
beyond identification of students' preconceptions about the concepts of interest 
in the direction of concurrent characterization of the underlying presuppositions 
of these ideas (see also Vosniadou, 1994) According to Rice et al (1991), this 
could be realized by administering multiple-choice test items, including a 
description of a problem situation, a multiple choice question based upon this 
situation, followed by several possible explanations for the answer selected 
The problem situations should be based upon phenomena of which each 
individual student has some general awareness and common understanding 
(eg weather phenomena) Crawley and Arditzoglou (1988), Peterson and 
Treagust (1989), Dai and Capie (1990), and Saxena (1991) also advocated the 
idea of using multiple-choice tests (consisting of situational questions that also 
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require reasoning for the choices made) as diagnostic tools Answer alternatives 
should be based upon a set of frequently found preconceptions (Becker, 1988) 
Alternative ways for identifying students' preconceptions have been proposed 
as well, such as 
assignments (eg Miller, 1991, Crocker, 1992, Swinson, 1992), 
inquiry dialogues based upon problems or cases (e g Collins, 1986), 
facts based quizzes (e g Brady, 1986), 
transcriptions of video taped or audio taped problem-solving sessions 
(e g Barba & Rubba, 1992), 
concept maps specifying the relationships between particular concepts as 
constructed by the student and, thus, providing a visualization of his/her 
mental representations (eg Novak 1990, Wallace, 1990, Kleinfeld, 
1 9 9 1 , Ross et al , 1991, Schreiber & Abegg 1991, Morine-Dershimer et 
al , 1992, Nelson, 1992, Fellows, 1993, Kinnear, 1994), 
analyses of students' error patterns (e g Farrell, 1992), 
proposition-generating tasks (e g Amir & Tamir, 1991), 
semi-structured interviews (e g Cobern, 1991), 
transcriptions of discussions (e g Bleakley, 1993) 
repertory grid techniques (e g Morine-Dershimer et al , 1992) 
2 4.2 Comparing and contrasting preconceptions with new information 
When students' prior knowledge has been activated, they should compare and 
contrast their preconceptions with the (new) information from the learning task 
(Hewson & Hewson, 1984, Roth, 1985, Hynd & Alverman, 1985, Pallrand, 
1988, Hand & Treagust, 1991, Scott, 1992, Woloshyn et al , 1992) Students 
should be given the opportunity to discuss and rationalize similarities and 
differences between their own conceptions and the information being 
presented According to Fellows (1991), instruction providing concrete 
opportunities for interactions directly related to students' preconceptions and 
the conceptions from the learning task is associated with students' more 
successful conceptual change With respect to fifth and sixth-graders' text 
comprehension, Maria and McGinitie (1987) also claimed that explicitly 
contrasting students' preconceptions with the information from the text is more 
effective than simply providing scientifically accepted information In this 
respect, Prawat (1989, pp 12 13) stated "Students should be aware of their 
preconceptions before they will be able to restructure them Students must first 
recognize that the new information is related to what they already know, they 
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then have to link this information to two types of prior knowledge that which 
is consistent with the scientific notions and that which is incompatible with 
those notions It is the latter link that leads to the realization that their own 
ideas are not complete or satisfying explanations and that the scientific view is 
a more convincing and powerful alternative " Often, however, merely 
confronting students with contradictory information is not sufficient to achieve 
conceptual change Even when students are aware of existing inconsistencies, 
they still have the choice between changing their preconceptions and 
constructing separate conceptions ("old' and "new" knowledge) (Hewson & 
Hewson, 1984) According to Salomon (1989), an additional factor that may 
impede real conceptual change is that students tend to assimilate (which 
involves fitting new information in with prior knowledge) instead of striving for 
conceptual change because this is easier and requires less mental effort Chan 
and Bereiter (1992) showed that students could use various strategies to 
assimilate contradictory information even though it represented something quite 
different from their own conceptions When students engage in comparing and 
contrasting activities (integration and differentiation), real conceptual change is 
more likely to occur if the plausibility of students' preconceptions decreases 
and the plausibility of the new conceptions increases In this respect, Chan 
(1993) claimed that students' knowledge processing activities mediate the 
effects of conflict on conceptual change Students should actively perform 
knowledge building activities to deal with cognitive conflict In other words, 
they should treat new information as something that has to be explained 
According to Chan (1993), equivocal findings of previous conflict based 
conceptual change approaches could be explained by the fact that the 
importance of students' constructive learning activities in advancing their 
knowledge has usually been overlooked 
2.4.3 Constructing new conceptions 
So, students must be actively involved in constructing new conceptions (see 
also Happs & Mansfield, 1989) Concerning the construction of new 
conceptions, Zeidler and Mcintosh (1989) claimed that, particularly for abstract 
notions, the presentation of dynamic models would result in better opportunities 
for conceptual change to occur than the presentation of verbal or static models 
representing the concept Brown and Clement (1987) also stressed the need of 
helping students develop visualizable, qualitative models of phenomena in the 
real world Moreover, (computer assisted) graphical presentations appear to 
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enhance both the quality of incidental learning (without sacrifice of intentional 
learning) and motivation (Rieber, 1991). Therefore, the conclusion seems to be 
justified that multiple representations support students in achieving conceptual 
change, especially when ill-structured knowledge domains are concerned (see 
Spiro et al., 1988; Maloney, 1990, Kinnear, 1994). In their Cognitive Flexibility 
Theory, Spiro et al. (1988) stressed promotion of multiple alternative systems 
of linkage among knowledge elements, promotion of schema assembly (as 
opposed to retrieval of prepackaged schemata), centrality of "cases of 
application", and the need for participatory learning, tutorial guidance, and 
adjunct support for aiding the management of complexity. 
2.4.4 Applying and evaluating new conceptions 
Conceptual change also requires acceptance of the (new) scientific notions 
(Siegler, 1983; Cobern, 1993). An important condition for believing and 
accepting a new conception (apprehension) is that students recognize its 
plausibility. They should experience that the new conception enables them to 
solve problems (and that their preconception does not). Therefore, they should 
have opportunities to apply, test, and evaluate their new conception in an open 
atmosphere (Strike & Posner, 1985; Lawson, 1986; Unruh et al., 1992, 
Watson, 1994, Perkins & Blythe, 1994). Students must be involved in learning-
task situations in which incorrect application of unexpected principles can be 
allowed to occur (Dreyfus, 1989). Rather than telling them the right answer, 
students must be supported in dismantling their own incorrect or incomplete 
conceptions by confronting them with possible inconsistencies and 
contradictions entailed by their own conceptions (Brna, 1991; Gang, 1993). 
While resolving the conflicts that arise, students may actively reconstruct the 
concept(s) in question and truly overcome their incorrect conceptions (Mestre, 
1989). In this respect, Jones (1990) reported that a training approach as a part 
of which students (third-, fourth-, and fifth graders, elementary education) had 
to compare their answers on two related problems, was effective in changing 
students' conceptions (of temperature and heat). Moreover, Richburg et al. 
(1994) claimed that posing problems that yield solutions running counter to 
students' perceptions, results in enhanced student interest and motivation and 
improves thinking skills. 
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2.5 COMPARABLE INSTRUCTIONAL STRATEGIES 
Instructional strategies for promoting meaningful conceptual change that 
include these or comparable steps or parts have been evaluated and discussed 
by many educational researchers As mentioned above, many of these 
strategies have been influenced to some extent by Strike and Posner's (1985, 
1992) theoretical notions of conceptual change For example, Marioni (1989) 
presented a strategy consisting of four instructional steps "orientation", 
"eliciting children's ideas", "restructuring of ideas", and "improving and 
applying" (see also Brehm et a l , 1986, Feher, 1986, Fetherstonhaugh & 
Treagust, 1992, Scharmann, 1993) The Generative Learning Model, which was 
developed by Kyle et al (1989), included four similar phases ("preliminary", 
" focus' , 'challenge', and "application") McDonald (1989) described an 
approach to science instruction aimed at developing conceptual understanding 
as well This approach involved diagnosing students' (sixth graders, elementary 
education) spontaneous conceptions, making them aware of their conceptions, 
having them discuss and test their conceptions, and bringing them to a more 
scientific understanding From a constructivist perspective of science teaching, 
Geddis (1991) identified three crucial factors in supporting students to achieve 
conceptual change First, students must be sceptical about what seems to be 
evident Secondly, they need opportunities to imagine alternative possibilities 
Finally, they need practice in employing criteria used in science to validate their 
alternative ideas 
The instructional sequence designed by Wurtak (1990) was in fact directly 
derived from Strike and Posner's (1985, 1992) conditions for conceptual 
change This four phased conceptual conflict strategy included the provision of 
experiences that elicited and challenged five and six year olds' existing ideas 
(of animate and inanimate objects), and enabled the scientific viewpoints to be 
seen as more intelligible, plausible, and fruitful than the children's own 
conceptions Wurtak (1990) showed that, as a result of the instructional 
sequence, children's conceptions changed positively towards more scientific 
viewpoints and their classificatory performance improved 
A related instructional strategy is the Scaffolded Explanation based Intervention 
approach, which was developed and evaluated by Coleman (1992) The 
underlying assumption of this approach is that (elementary school) students 
must be encouraged to explain, justify, compare, and contrast their personal 
prior knowledge with the scientific knowledge they acquire to construct more 
integrated and conceptually advanced explanations that allow for a deeper 
29 
understanding of scientific phenomena Therefore, the instructional strategy 
supports students to construct new conceptions by developing explanations, 
justifying assertions, and comparing their preconceptions with the formal 
"scientific" conceptions (in the domain of photosynthesis). Coleman (1992) 
showed the importance of the use of explanation and argumentation to promote 
conceptual change· students supported by the Scaffolded Explanation-based 
Intervention, had developed a more accurate, "scientific", and functional 
understanding of photosynthesis than students who had not received this 
intervention during learning. 
On the basis of the results from these studies, it can be hypothesized that an 
instructional strategy supporting confrontation of conceptions is promising for 
engendering restructuring of students' existing knowledge and tor changing the 
content of their knowledge (see also Champagne et al., 1986) This hypothesis 
is in line with McConney's (1992) claim that diagnosing students' 
preconceptions and budgeting of time to address these preconceptions are 
effective strategies for enhancing students' conceptual understanding of 
science concepts. 
The instructional prescriptions described above could be characterized as 
"process-oriented": their aim is to ensure that students perform appropriate 
thinking activities to construct, change, and use their conceptions of the 
learning content (Vermunt, 1992). Students should go beyond memorization of 
facts and try to make sense of scientific explanations of phenomena in the real 
wor ld. In this book, conceptual-change processes are considered to be gradual 
and complex: students must reshape and abandon incorrect or incomplete 
conceptions that they have developed from experience and have believed for a 
long time. As long as these preconceptions hold a stronger position than the 
"scientific" conceptions, conceptual change will not occur. 
Therefore, reflecting on preconceptions while using appropriate scientific 
discourse is of crucial importance for conceptual-change processes (Larochelle 
& Desautels, 1992). Reflection could be realized by instructing students to 
verbalize their preconceptions and to discuss their ideas with other students 
(see Scharmann, 1990). Written elaborations are suitable alternatives for 
(classical) dialogues (see Britton et al., 1975; Swinson, 1992, Roth et al., 
1992). Peasley et al. (1992) claimed that "writing-to-learn" is a promising tool 
for puzzling over ideas and making links and, therefore, for supporting students 
through conceptual-change processes. 
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2 6 COMPUTER ASSISTED INSTRUCTIONAL STRATEGIES TO FOSTER 
CONCEPTUAL CHANGE 
During the last two decades, a wide range of computer assisted intervention 
strategies has been designed (and shown) to promote conceptual change 
These computer-assisted instructional strategies were aimed at fostering 
conceptual change in various knowledge domains, e g learning LOGO computer 
language (Lehrer & Littlefield, 1991), physics (Wiser & Kipman, 1988, Weiler, 
1990, Linn & Songer, 1991, Niedderer et al , 1991, Carlsen & Andre, 1992, 
Gorsky & Finegold, 1992), chemistry (Hakerem et a l , 1993), genetics 
(Ferguson & Chapman, 1993) statistics (Jiang & Potter, 1993), etc A main 
advantage of such computer assisted instructional strategies is that they can 
provide specific support that is closely tuned to the needs of individual learners 
In this respect, it is essential that the strategies are consistent with existing 
theories of conceptual change (eg Strike & Posner, 1985, 1992) students' 
preconceptions must be diagnosed and represented (Cerri & Breuker, 1981, 
Ferguson & Chapman, 1993) and they must be explicitly addressed in order for 
" real ' learning to occur (Olson, 1992, Gale, 1993) In addition, computer 
assisted instructional strategies can also include specific learning aids such as 
(interactive) simulations and multiple representations of the phenomena to be 
studied (Frenette, 1989, Weiler, 1990, Carlsen & Andre, 1992, Gorsky & 
Fmegold, 1992, Olson, 1992, Hakerem et a l , 1993, Jiang & Potter, 1993), 
computer based laboratories designed to facilitate conceptual change (Gale, 
1993), etc Consequently, instruction and teaching models can change from 
teacher centered to more student centered and students' time on task can be 
enhanced (Ferguson & Chapman, 1993) 
2.7 OTHER INSTRUCTIONAL METHODS 
As mentioned above, conceptual change processes can be fostered through 
computer assisted instruction However, other instructional methods of creating 
learning experiences to facilitate meaningful, rather than rote, learning and 
conceptual understanding have been designed and evaluated as well In this 
section, an overview of such instructional methods will be provided 
Lightman and Sadler (1988) designed an activity using a large balloon and a toy 
ship to help children understand that the earth is round, even though the 
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horizon appears to be flat Hapkiewicz (1991) described other examples of 
demonstrations to help students change their incorrect conceptions 
Another instructional method is "hands on" science learning, which is based 
upon individual free exploration of hands on" science centre exhibits For 
example, Burns and Buzzelli (1992) described an instructional unit on 
magnetism based upon "hands on" activities in which students make 
hypotheses for discrepant behaviour, discover whether a magnet attracts one 
object through another, measure the strength of magnets, explore levitating 
paper clips, and play a game based upon magnetic attraction (see also Boram & 
Marek, 1 9 9 1 , DiGisi & Yore, 1992, Mitchell, 1992, Van den Berg et al , 1994, 
Woods, 1994) According to Butts and Hofman (1993), "hands on" science 
learning should be followed by discussions to help students think about their 
experiences (making "hands on" science "brains on") (see also Johnston & 
Scott, 1991) 
The "bridging analogies" approach (Brown & Clement, 1989, Brown, 1993 
Clement, 1993) employs analogies to promote conceptual change According to 
Duit (1994, ρ 15), "a number of research studies have shown that such a 
sequence of bridging analogies from an analog domain that is understood by 
students towards the target situation is successful" (see also Stavy, 1991, Van 
Deursen, 1994) 
Meyer (1993) offered three ways to diagnose and address incorrect and 
incomplete conceptions in the college classroom (1) asking students to think 
aloud as they solve problems (see also Pestel, 1993), (2) having students teach 
course topics themselves, and (3) reviewing students' notes together with 
them With respect to elementary and secondary school students, Guzzetti et 
al (1992) presented other instructional strategies shown effective by research, 
such as augmented activation activities and the discussion web These lists of 
possible methods could be extended with methods such as concept mapping 
(Cullen, 1990), instructional video and classroom discourse (Zucker & Esty, 
1993), Socratic dialogues (Roychoudhury, 1990), texts designed to promote 
conceptual change (Carlsen, 1989), reflective journals (Hargrave, 1993), etc 
2.8 CONCEPTUAL CHANGE AND READING COMPREHENSION 
Several instructional strategies have especially been aimed at conceptual 
change in the context of reading comprehension Rivard and Yore (1992) 
provided a review of science related reading research and a current research 
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foundation for a science reading research agenda They concluded that existing 
school programmes do little to help students comprehend science text and that 
the unique attributes of science, scientific language, context, and conceptual 
change are usually disregarded 
With respect to eighth grade science students, Peterson (1993) concluded that 
(1) good readers learn equally well from both explanative and non explanative 
texts, (2) good readers demonstrate more conceptual development from reading 
both types of texts than poor readers do, (3) poor readers demonstrate 
conceptual change on more test items after reading explanative text than after 
non explanative text, (4) more than 30 per cent of all good readers did not 
change their conceptions from reading either text version These findings 
illustrate the need for conceptual change approaches in the context of reading 
comprehension 
On the basis of constructivist learning theories, McNeil (1984) proposed various 
instructional strategies and materials to foster reading comprehension, 
emphasizing linking of prior knowledge to (new) textual information and 
conceptual change McNeil (1984) also stressed the need of teaching students 
to learn more effectively as independent readers In their review paper on 
research in reading and science education, Guzzetti et al (1992) concluded that 
instructional strategies or approaches for elementary and secondary school 
students that were effective in producing conceptual change had a common 
element of producing conceptual conflict (cf Strike & Posner, 1985, 1992) 
2.9 CONCLUDING REMARKS 
As described in this chapter, many instructional strategies have been designed 
following current conceptual-change approaches Based upon the research 
findings mentioned in the previous sections, one could conclude that such 
instructional strategies should appeal to certain cognitive activities (to be 
undertaken by the learner) to promote prior knowledge activation and 
conceptual change In this respect, five learning activities seem to be of crucial 
importance 
1) searching for preconceptions, 
2) comparing and contrasting preconceptions with new information, 
3) constructing new conceptions, 
4) applying new conceptions, 
5) evaluating new conceptions 
33 
As mentioned in section 2 4, Ah (1990) and the author of this book have 
created several instructional strategies consisting of similar instructional steps 
Because the current research project is founded on All's (1990) conceptual 
framework and empirical studies to a high extent, her work will be described 
and discussed in considerable detail in the next chapter 
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3 THE CONTACT STRATEGY 
3.1 INTRODUCTION 
As mentioned in the previous chapter, Ah (1990) designed and evaluated 
several instructional strategies aimed at prior-knowledge activation and 
conceptual change (in the context of comprehensive reading) As part of her 
final study, she developed an instructional strategy called the CONTACT strategy 
(see also section 3 5) Subjects in the experiments carried out by AN (1990) 
were sixth-graders (primary education) and seventh-graders (first graders, 
secondary education) The training texts used in her studies dealt with the 
domain of basic physical geography, treating concepts such as equator, earth 
rotation, rain, wind, atmospheric pressure, etc (see also section 1 2 3 4) After 
studying these expository texts, students had to make a corresponding learning 
performance test consisting of three item types reproduction items (aimed at 
reproducing information almost - literally), insight items (aimed at relating 
concepts and/or explaining certain phenomena), and problem-solving items 
(aimed at applying constructed knowledge) (see also Schmidt, 1982, Mayer, 
1989) 
3.2 ALIS FIRST STUDY 
In her first study (see also Ali, 1990), the effectiveness of so called "exposing 
events" was examined (see also Nussbaum & Novick, 1982) Before studying 
the expository texts, students had to answer questions concerning examples 
and explanations of the phenomena to be studied (the "exposing events") They 
were instructed to compare and contrast their preconceptions with the 
information from the particular text and to correct their original ideas if 
necessary Moreover, the influence of instructional medium (video vs text on 
paper), prior knowledge level, and motivation was examined Students who had 
been supported by the instructional strategy during the four training sessions 
had higher learning performance scores (independent of test item type) than 
students who had studied the texts without their preconceptions being 
activated (in this control condition, only explanations and examples had been 
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provided) If students had a relatively high prior-knowledge level, the effect of 
the instructional strategy appeared to increase Instructional medium and 
motivation had no significant effects on learning performance Ali (1990) 
concluded that the activation strategy had to be revised to support students 
with a low prior-knowledge level (these students seem to have few correct 
preconceptions but they may hold many incorrect and/or incomplete 
conceptions before formal instruction) Moreover, she stated that additional 
research on the effectiveness of the various elements of the instructional 
strategy was required 
3.3 ALIS SECOND AND THIRD STUDY 
Therefore, in two additional studies, Ah (1990) examined whether students' 
conceptions should be activated before, after, or both before and after the 
presentation of the new (textual) information 
In the first experiment (including three training sessions), preconceptions were 
activated by presenting labels referring to the central concepts of the particular 
text (e g "earth rotation") Students were instructed to write down everything 
they already knew about these concepts (activation-before) After studying the 
text, students had to answer the following questions (activation after) 
1) What were your ideas before studying the lesson7 
2) What are your ideas now, after studying the lesson7 
3) What has changed7 
4) What has remained the same7 
The activation-before task turned out not to be adequate irrelevant 
preconceptions and associations were activated because students were not 
familiar with most labels (e g "earth rotation" means "the earth is rotting") 
Consequently, students experienced problems trying to compare their 
preconceptions with the information from the text (see also Ah, 1990) 
Therefore, in the next study, the activation-before task was revised 
Preconceptions were activated by presenting problems and analogies illustrating 
the concepts students had to explain In all other respects, the study was a 
replication of the previous experiment Both on the post test (administered 
immediately after each lesson) and the retention test (delivered after two 
weeks), activation of the students' conceptions both before and after the 
presentation of the (new) textual information (the so-called BEAFT strategy) was 
more effective than no activation or activation at either the beginning or the 
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end of the lesson The main conclusion drawn from this study was that 
experiencing inconsistencies between one's own preconceptions and the 
information from the text (as induced by comparing and contrasting processes) 
facilitates conceptual change (see also Strike & Posner, 1985, 1992) 
3.4 ALIS FOURTH STUDY 
In a fourth experiment, Ah (1990) examined whether the effectiveness of the 
BEAFT strategy could be increased by providing more opportunities to experience 
inconsistencies Therefore, the strategy was revised in that the students' 
conceptions were activated continuously during learning Supported by a list of 
activation and control questions, students had to activate their preconceptions 
and control their learning processes (see also Vermunt, 1992) Results of this 
study suggested that the effectiveness of the revised strategy was influenced 
by many variables and that not all processes induced by the strategy were well 
controlled for (see also Ah, 1990) Therefore, performance of the corresponding 
learning activities could not be verified Consequently, the strategy had to be 
revised again the degree of external control over performance of the various 
conceptual change activities had to be increased and students should be 
offered more opportunities for practice Moreover, Ah (1990) concluded that 
the mediating influence of achievement level and familiarity on the effectiveness 
of the instructional strategy should be examined 
3.5 ALIS FIFTH STUDY 
3.5.1 The CONTACT strategy 
Inspired by current conceptual change approaches (e g Nussbaum & Novick, 
1982, Strike & Posner, 1985, Prawat, 1989) (see also chapter 2), Ali (1990) 
designed the CONTACT strategy (or COMPACT strategy, as the strategy was called 
in Dutch) as part of her fifth and final study The CONTACT strategy is typified by 
CONTinuous, computer-assisted ACTivation of the conceptions of individual 
learners while they are processing expository texts 
Computer assisted instructional strategies aimed at conceptual change can 
enable individual students to use their own conceptions as the starting point for 
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knowledge (re)construction processes, which can hardly be realized in concrete 
classroom situations Moreover, computer assisted instructional strategies can 
activate the student to perform learning activities aimed at conceptual change 
and provide support whenever the student needs this (see also section 2 6) 
The CONTACT strategy is based upon a process-oriented, heuristic activation 
model consisting of five steps aimed at conceptual change (see also section 
2 4) 
1) searching for one's own preconceptions, 
2) comparing and contrasting these preconceptions with the new 
information, 
3) formulating new conceptions, based upon the previous step, 
4) applying the new conceptions 
5) evaluating the new conceptions, based upon the previous step 
These CONTACT steps can also be depicted as a flowchart (see Figure 1) 
First, students have to search for their preconception by answering the 
particular idea question (the "exposing event ) (see also section 2 4 1) This 
step is aimed at making students aware of their own ideas with respect to the 
topic(s) of the particular text An idea question can be described as a concrete 
problem that has to be solved by relating the central concepts of the 
corresponding training text For example, the idea question from the seventh 
training session ran as follows 
When Columbus set sail in 1492, the wind did not blow him straight to the 
equator Instead, he was blown to America with a curve to the right Can you 
explain this? 
Students have to choose from six answer alternatives corresponding to 
different, frequently found conceptions of the relations between the central 
concepts of the text (see also section 1 2 3 4) One of these answer 
alternatives corresponds to the generally accepted scientific notion as explained 
in the text Students also have to provide written argumentation for the answer 
they choose The answer given by the particular student, is regarded as his/her 
initial idea or preconception 
When students have answered the idea question, they have to study the first 
part of the (new) information from the text The training texts are all relatively 
short (7 8 text screens plus 2 3 pictures, 400-550 words) As mentioned in 
section 3 1, the texts deal with basic physical geography, treating concepts 
such as equator, earth rotation, rain, wind, atmospheric pressure, etc 
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SEARCH FOR O W N PRECONCEPTION 
STUDY THE TEXT 
i 
COMPARE A N D CONTRAST (2 
PRECONCEPTION WITH NEW INFORMATION 
FORMULATE N E W CONCEPTION (3) 
APPLY N E W CONCEPTION 
EVALUATE N E W CONCEPTION: (5) 
DOES APPLICATION FIT CONCEPTION? 
- N O - YES 
STUDY THE TEXT A G A I N CHECK BY COMPUTER: CONCEPTION CORRECT? 
- N O - -YES 
PROCEED WITH LESSON 
Figure 1 The steps of the CONTACT st ra tegy (Al i , 1990) 
A f te r s tudy ing the f irst part of the tex t , s tudents have to compare and cont ras t 
their p reconcept ion w i t h the essent ia l in format ion f rom the tex t (see also 
sec t ion 2 .4 .2 ) . They have to state whe the r their initial idea is in accordance 
w i t h the tex tua l in format ion or no t . Add i t iona l ly , s tudents have to w r i t e d o w n 
similarit ies and/or d i f fe rences. Relat ing preconcept ions and n e w in fo rmat ion 
exp l ic i t ly act ivates s tudents to ident i fy possible di f ferences be tween both types 
of no t i ons , because of w h i c h they may conc lude whether their p reconcept ions 
are incomple te and/or incorrect or no t . Moreover , s tudents are assumed to 
cons t ruc t a f ramework in w h i c h the n e w in format ion can be in tegrated (see 
also sect ion 2 .4 .3 ) . 
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Next, students have to review their preconception and construct a new 
conception (formulate a new idea), based upon their conclusions from the 
previous step (see also section 2.4 3)· the idea question is presented again. 
This implies that it is possible that their conception has not changed If students 
are convinced that their original idea is correct, they are instructed to select the 
same answer alternative; if they think that their initial idea is incorrect or 
incomplete, however, they are told to pick another, better alternative Here, 
written argumentation is required again. With respect to this step, it is crucial 
that students really accept the new conception and do not construct isolated 
new knowledge. 
During the fourth instructional step ("applying the new conceptions"), students 
explore whether their new conception is adequate or not (see also section 
2 4.4). A main condition for accepting a new conception is that students 
consider this conception to be plausible. The plausibility of a new conception is 
supposed to increase if students discover that they can solve problems by 
applying the new conception (which they could not solve with their original 
conception). Therefore, students have to apply their new conception by 
answering a so-called practice question (a concrete problem that is directly 
related to the particular idea question): based upon their new idea, they have to 
choose from four answer alternatives. 
Students have to evaluate their new conception by comparing and contrasting 
their new idea with their answer to the practice question from the previous step 
(see also section 2.4.4): they have to state whether both answers are in 
accordance with one another or not. Again, students have to write down 
possible similarities and/or differences. Based upon the results of this evaluation 
process, they may conclude that their new conception is more fruitful than their 
preconception and accept the new conception. 
If they state that both answers are not in accordance with one another, 
students have to study the most important part of the text again to discover 
the mistakes they have made. After rereading the text, they have to construct a 
new conception (formulate a new idea) and apply this conception again. The 
same procedure has to be followed if the students' new conception is not 
correct (yet). Therefore, their idea is checked by the computer. 
With respect to all CONTACT steps, strategic information in "How" and "Why" 
parts is provided (see also Biemans, 1989; De Jong & Simons, 1990; Biemans 
& Simons, 1992; De Jong, 1992). The "How" parts contain information about 
how that particular step can be realized in terms of concrete learning activities 
and, in the "Why" parts, the relevance of the particular step is explained. In 
some training lessons, the "How" and "Why" parts were presented to all 
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students In the other lessons, these parts could be consulted by the students 
whenever they wanted to do so (see Ali, 1990) The CONTACT steps are 
presented as visual metaphors (cartoons) as well 
The sequence of instructional steps as described above, is performed twice 
during each training session At the end of the second sequence of steps, 
students have to state their final conception by answering the particular idea 
question Their answer is regarded as their final idea or conception 
A basic principle of the activation model is to stimulate students to discover 
inconsistencies themselves, e g by comparing their conceptions with the 
information from the text and by checking whether they can solve problems by 
applying their conceptions The underlying rationale is that students will have 
more reasons and arguments to change their conceptions if they discover 
inconsistencies themselves Conceptual change, in other words, is supposed to 
occur through reasoning (see also Strike & Posner, 1985, 1992) 
The CONTACT strategy is not aimed at solving all the students' problems 
mentioned m section 1 3 The CONTACT strategy should be considered as an 
instructional strategy especially useful for knowledge domains in which 
incorrect conceptions have to be changed, incomplete conceptions have to be 
enriched and/or new conceptions have to be constructed (see Vosniadou, 
1994) This instructional strategy was not designed to help students to solve 
metacogmtive problems, such as becoming aware of the functions of the 
various kinds of prior knowledge, the critical role of incorrect and/or incomplete 
conceptions, etc Moreover, (variants of) the CONTACT strategy can only be 
useful when considerable knowledge exists about the particular preconceptions 
frequently held by students 
3.5 2 Effectiveness of the CONTACT strategy 
The CONTACT strategy was evaluated by comparing its effects with the effects 
of a strategy characterized by activation both before and after the presentation 
of the (new) textual information (the BEAFT strategy) (see also section 3 3) The 
research questions of this study (see for a more extended report Ah, 1990) 
were 
1) Does the CONTACT strategy lead to better final conceptions and higher 
learning performance than the BEAFT strategy7 
2) Do these differences depend on the type of learning outcome 
(reproduction, insight and problem solving) and the time of testing 
(immediate learning performance and performance on a retention test)7 
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Subjects were 89 sixth-graders (50 boys and 39 girls, 11 to 13 years old) 
attending three different classes of two primary schools. After being matched 
based upon their competence level as judged by their teacher and their class, 
they were assigned to the two instructional conditions at random. In the 
CONTACT condition, subjects studied the training texts supported by the CONTACT 
strategy as described above. In the BEAFT condition, students' conceptions were 
only activated before and after studying the texts. 
The experiment consisted of 12 sessions for each subject. During the first 
session, the training procedure was explained and discussed with the subjects. 
With this introduction session, subjects were divided into subgroups, depending 
on the instructional condition they had been assigned to. Subjects also had to 
explore the particular instructional strategy on the computer in small groups. 
During the next 9 sessions, subjects had to study the 9 training texts 
individually, supported by the particular instructional strategy, without there 
being any time limits. The training effects on the conceptions of the students 
were measured through the idea questions (see also section 3.5.1). The training 
effects on the students' learning performance were measured through post-
tests, which were administered immediately after the corresponding training 
session, and through a retention test, which was delivered two weeks after the 
final training session (session 11). Each of the 9 post-tests consisted of 9 
questions with 4 answer alternatives (3 items were aimed at reproduction, 3 
items at insight and 3 items at problem-solving). The retention test consisted of 
18 reproduction items, 18 insight items and 18 problem-solving items. In 
session 12, the training lessons and the instructional strategies were evaluated 
by the students. 
There were no differences between the subjects from the two instructional 
conditions with respect to the quality of their preconceptions before instruction 
started. The quality of the final conceptions of the students from the CONTACT 
condit ion, however, was higher than the quality of the final conceptions of the 
students from the BEAFT condition. After the training lessons, a significant 
difference between both conditions was found on the post-tests as well, which 
did not depend on the kind of learning outcome: students from the CONTACT 
condition performed better than students from the BEAFT condition. This 
difference was also found on the retention test. 
The conclusion to be drawn from this study is that the CONTACT strategy led to 
final conceptions of a higher quality and to higher learning performance 
(independent of type of learning outcome and time of testing) than the BEAFT 
strategy (especially for students who were already highly familiar with the 
central concepts of the texts, i.e. students who had many preconceptions - see 
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for more details Ah, 1990) In this respect, it is important to realize that, in All's 
(1990) third study, activation both before and after presentation of the new 
information had been shown to improve learning more than a condition without 
activation and before and after only conditions (see also section 3 3). Time 
costs for continuous activation were high at first but diminished later 
Moreover, students who had been supported by the CONTACT strategy, were 
enthusiastic about this way of learning According to AN (1990), all 
instructional steps included in the CONTACT strategy seemed to be necessary to 
foster conceptual change 
Various interpretations of the results of this study, however, remained possible 
The study showed that the CONTACT strategy was effective in promoting 
conceptual change, but not why it was, because the two instructional 
strategies (the CONTACT strategy and the BEAFT strategy) differed in several 
respects Therefore, the question arose which aspects of the CONTACT strategy 
were responsible for the differences in quality of conceptions and learning 
performance, which were found in All 's final study Is it the feedback loop7 Is it 
because the relevance of activating and using prior knowledge is made more 
clear to the students' Is it because students learn how they can activate and 
use their prior knowledge7 Is it because students are stimulated to be active7 
Or is it a combination of some or all these (or other) explanations7 To conclude, 
although the CONTACT strategy appeared to lead to conceptions of a higher 
quality and to higher learning performance, All's final study raised several 
questions 
3 6 THE CURRENT RESEARCH PROJECT 
Therefore, in the current research project, the effectiveness of the CONTACT 
strategy was subjected to closer inquiry In this respect, the project was in line 
with the recommendations of Champagne et al (1983), who advocated 
investigations of the extent to which instructional strategies facilitate 
conceptual change, identification of strategy features that may be significant in 
promoting conceptual change, and appropriate modification of instructional 
strategies in light of their use 
As part of the current research project, four empirical studies were designed 
aimed at answering the following concrete research questions 
1) To what extent do the various steps of the CONTACT strategy contribute 
to its effectiveness7 
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2) Can the effects of the CONTACT strategy be increased7 
3) To what extent can students learn the various learning activities 
corresponding to the steps of the instructional strategy7 
4) Which (quantitative and qualitative) differences in cognitive learning 
activities exist between students who are successful in studying text 
while being supported by the instructional strategy and students who are 
less successful in this respect7 
The corresponding studies will be described and discussed in chapters 4 to 7. 
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4 STUDY 1: 
EFFECTS OF THE VARIOUS STEPS OF THE 
CONTACT STRATEGY1 
4.1 INTRODUCTION 
Taking into account cognitive and instructional conditions based upon 
theoretical notions and empirical research (see chapters 2 and 3), Ali (1990) 
created the CONTACT strategy to foster processes of prior-knowledge activation 
and conceptual change (see also section 3.5.1). The CONTACT strategy turned 
out to be more effective than the BEAFT strategy with respect to the students' 
(sixth-graders, primary education) final conceptions and their learning 
performance (see Ah, 1990) (see also section 3.5.2). Nevertheless, Ali's (1990) 
final experiment raised several questions, which were examined in the present 
study. 
4.2 RESEARCH QUESTIONS AND HYPOTHESES 
The aim of this study (a replication of All's (1990) final study with respect to 
materials and tests - see also section 4.3.2) was to trace the effects of the 
various steps of the CONTACT strategy. The first research question ran as 
follows: To what extent do the various steps of the CONTACT strategy contribute 
to the effects found in All's (1990) final study 7 Therefore, the CONTACT strategy 
was dismantled in a systematic way: the full instructional strategy was 
compared with 2 stripped versions of the strategy and with a no activation 
control condition 
1 The original version of this chapter was published as 
Biemans, H J Α., & Simons, PR J (1995) How to use preconceptions 7 The 
CONTACT strategy dismantled European Journal of Psychology of Education, 10, 
243-259 
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Subjects were assigned to 4 instructional conditions varying with respect to the 
number of steps of the particular strategy 
1) step 1 step 5 (CONTACT) (see also section 3 5 1), 
2) step 1 step 3 (NEW IDEA), 
3) step 1 only (OLD IDEA), 
4) none of the CONTACT steps (NO ACTIVATION) 
These 4 variants were used as experimental treatments to test systematically 
the validity of the underlying theoretical assumptions (see Tergan & 
Oestermeier, 1993) In line with the preliminary conclusion that all activities 
from the activation model contributed to the effectiveness of the strategy (Ali, 
1990), the complete CONTACT strategy was hypothesized to be the most 
effective variant in terms of conceptions and learning performance of the 
students In other words, all instructional steps from the activation model were 
assumed to contribute to the effectiveness of the strategy 
The second research question concerned the effects of the degree of familiarity 
wi th the central concepts of the training texts Tobias (1976) proposed that 
instruction affects new achievement as it interacts with learners' prior 
achievement or familiarity with the subject matter Thus, instructional treatment 
may differentially affect students, depending on their level or type of prior 
knowledge Ah (1990) reported that the CONTACT strategy was especially 
effective for students who were already very familiar with the central concepts 
of the training texts She assumed that these students held more 
preconceptions (both correct and incorrect or incomplete preconceptions) 
before studying the texts This would make the CONTACT strategy more suitable 
because these students could use their own preconceptions as starting-points 
for knowledge restructuring processes (aimed at changing conceptions) On the 
other hand, students who were not very familiar with the central concepts of 
the texts were not supposed to hold many preconceptions in advance because 
of a lack of former learning experiences AN (1990) assumed that these 
students were mainly involved in knowledge construction processes (aimed at 
constructing conceptions) This assumption was tested in the present study 
The effects of the degree of familiarity were examined in relation to the specific 
instructional strategy. The complete CONTACT strategy was hypothesized to be 
the most effective variant for "highly familiar" students Students who are not 
very familiar with the concepts of the training texts were assumed to profit 
more from a dismantled variant (the NEW IDEA or the OLD IDEA strategy) 
Additionally the effects of the CONTACT strategy were assumed to depend on 
the degree of resemblance of the "exposing events" used to activate the 
students' conceptions to the performance test questions Students supported 
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by the CONTACT strategy were supposed to focus mainly on the relations 
between the central concepts of the texts (as represented by the idea 
questions) and less on the other information from the learning tasks This 
assumption was related to the selective attention hypothesis (Pichert & 
Anderson, 1977, Anderson & Pichert, 1978, Goetz et al , 1983, Vonk, 1986) 
According to Machiels-Bongaerts (1993, ρ 113), who tested the selective 
attention hypothesis in - expository text processing, " activating prior 
knowledge results in a selection process during information processing Only 
information corresponding to the knowledge activated would be processed in 
depth, resulting in better recall of that information " The selective-attention 
hypothesis is in line with recent instructional theories stressing the importance 
of "situatedness" of cognitions in knowledge acquisition (e g Brown, Collins & 
Duguid, 1989, Weinert & Helmke, 1993) The effects of the factor 
"relatedness", however, had not been examined in All's (1990) work In the 
present study, the selective attention hypothesis was tested as well The 
complete CONTACT strategy was hypothesized to lead to the highest learning 
performance scores on test questions that were directly related to the activated 
knowledge and to the lowest scores on questions that were less directly related 
(as opposed to the NO ACTIVATION condition) 
Finally, the complete CONTACT strategy was supposed to result in better 
maintenance of the acquired knowledge than the other 3 instructional 
conditions from the present study Students supported by the CONTACT strategy 
were assumed to construct more valid and integrated conceptions with more 
adequate retrieval paths (see Schmidt, 1982) Such conceptions would serve as 
a solid base for retrieval in the longer term with better maintenance of the 
acquired knowledge as a result 
4.3 METHOD 
4.3.1 Subjects 
Subjects were 86 students (10 to 13 years old) attending 3 different 
combination classes of 2 primary schools (46 fifth-graders and 40 sixth 
graders) After being matched based upon their reading comprehension level as 
judged by their teacher (high, average, or low) and their grade (5 or 6), Ss were 
assigned to the 4 instructional conditions at random 
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4.3.2 Design and materials 
A factorial design with 2 between-subjects factors called Instruction and 
Familiarity was used. Subjects were assigned to 4 instructional conditions 
varying with respect to the number of steps of the particular computer-assisted 
strategy. Subjects assigned to the first instructional condition (N=21) studied 
the training texts supported by the CONTACT strategy as designed by AN (1990) 
(see also section 3.5.1). In the second instructional condition (the NEW IDEA 
condition; N = 21), the fourth and fifth CONTACT step (see section 3.5.1) were 
not included in the instructional strategy. Subjects assigned to the third 
instructional condition (the OLD IDEA condition; N = 21) only had to perform the 
first CONTACT step ("searching for own preconceptions"). Finally, in the fourth 
instructional condition (the NO ACTIVATION condition; N = 23), Ss only had to 
study the texts without their preconceptions and final ideas being activated. 
Following AN (1990), the second between-subjects factor Familiarity was based 
upon the total score on the familiarity rating scale filled in by the Ss before the 
introduction session. This familiarity rating scale was a list of 18 central 
concepts of the training texts With each concept, Ss had to state on a 3-point 
scale how often they had heard, read, or seen something about that particular 
notion before. Based upon their total familiarity score, Ss were assigned to the 
High familiarity group (N=42) or the Low familiarity group (N=44) with the 
median as the criterion. 
The same tests were used as in Ali's (1990) final study. The effects of the 
between-subjects factors on the final conceptions of the students were 
measured by means of so-called idea questions (see also section 3.5.1). Except 
for Ss assigned to the condition NO ACTIVATION, SS had to state their final 
conception at the end of each of the 7 training sessions by answering the 
particular idea question (N = 63). An idea question could be described as a 
concrete problem involving the central concepts of the corresponding training 
text. Subjects had to choose from 6 answer alternatives that corresponded to 
different ideas about the relations between the concepts involved in the 
problem. The answer alternatives were based upon various conceptions 
determined as frequently held by students in the domain of physical geography 
(see AN, 1990). One of these answer alternatives corresponded to the scientific 
notion as explained in the particular text. The student's answer was regarded 
as his/her final conception. A mean quality score for the final conceptions was 
calculated by dividing the sum score by the number of questions (7 items). In 
this case, an ANOVA with the 2 between-subjects factors Instruction and 
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Familiarity and the mean quality score for the final conceptions as the 
dependent variable was carried out 
The effects of the between subjects factors on students' learning performance 
were measured by means of post-tests administered immediately after the 
corresponding training session (Ss had to study 7 training texts with 
subsequent post test questions) and by means of a retention test delivered 2 
weeks after the final training session Each of the 7 computer based post tests 
consisted of 9 questions (63 items) with 4 answer alternatives All questions 
had been classified as "directly related to the particular idea question" (31 
items) or as "less directly related ' (32 items) The criterion for this classification 
was the degree of conceptual resemblance of the particular performance test 
question to the idea question of the corresponding training session With the 
post tests data, an overall mean score for the directly related questions and an 
overall mean score for the less directly related questions were calculated by 
dividing the particular sum score by the number of questions 
The computer based retention test consisted of 42 questions selected from the 
7 post-tests Again, the questions had been classified as "directly related to the 
particular idea question" (21 items) or as 'less directly related" (21 items) With 
the retention test data, a mean score for the directly related questions and a 
mean score for the less directly related questions were calculated by dividing 
the particular sum score by the number of questions 
Here, a mixed between withm-subjects design was used (Tabachnik & Fidell, 
1983) The factor Relatedness with the levels Directly related and Less directly 
related was introduced as the first within sub|ects factor and the factor Testing 
Time with the levels Post tests and Retention test was introduced as the 
second within subjects factor Thus, a full linear model covering 2 between-
subjects factors (Instruction and Familiarity) and 2 within subjects factors 
(Relatedness and Testing Time) was used (repeated measurement ANOVA) 
After the training, Ss filled in the so called statement List "Studying a text" 
(SLS) This inventory consisted of 3 parts With the first part of the SLS, a 
checklist, Ss had to identify the learning activities that could be performed to 
construct a correct conception while studying a text The activities scored as 
adequate corresponded to the various CONTACT steps With the second part of 
the inventory, Ss had to state on a 5-point scale how often they had performed 
the corresponding learning activities during the training Finally, with the third 
part of the SLS, Ss had to describe why performing the various CONTACT steps 
could be important while studying a text and how these steps could be 
performed The answers of the Ss were scored as adequate or inadequate, 
depending on the degree of resemblance to the training heuristic For each of 
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the 3 parts of the SLS, a mean score was calculated by dividing the particular 
sum score by the number of items The 3 mean scores were regarded as 
repeated measures Here, again, a mixed between-within subjects design was 
used (between subjects factors Instruction and Familiarity, within subjects 
factor SLS scale) The SLS data were used to check the experimental 
manipulations 
4 3.3 Procedure 
The experiment consisted of 11 sessions for each subject, 2 sessions a week 
During the first session, Ss filled in the familiarity rating scale (see section 
4 3 2) 
The second session was aimed at making students familiar with the computer 
and at introducing the stepwise procedure During this introduction session, the 
training procedure was explained and discussed Subjects were divided into 
subgroups, depending on the instructional condition they had been assigned to 
Subjects also had to explore the particular instructional strategy in small 
groups The structure of the introduction lesson was similar to the structure of 
the training lessons 
During the next 7 sessions, Ss had to study the 7 training texts individually, 
supported by the particular instructional strategy (see section 4 3 2) The same 
training lessons were used as in All 's (1990) final study (see also section 3 5) 
There were, however, 7 instead of 9 training sessions Each student could take 
the time s/he needed to study the text screens and to perform the learning 
activities corresponding to the steps of the instructional strategy Inevitably, the 
time students needed to finish the training sessions depended on the number of 
instructional steps On the average, students from the CONTACT condition 
needed more time than students from the NO ACTIVATION condition At the end 
of the training, however, time differences had become much less (see also All, 
1990) 
At the end of each training session. Ss had to state their final conception by 
answering the particular idea question (see section 4 3 2) Moreover, they had 
to make the corresponding post test, which was administered on the computer 
as well 
During the tenth session, Ss filled in the statement List "Studying a text" (SLS) 
(see section 4 3 2) Finally, 2 weeks after the final training session, Ss made 
the computer-based retention test 
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4.4 RESULTS 
To find out whether the training affected the quality of the students' final 
conceptions, an ANOVA with the between-subjects factors Instruction and 
Familiarity and the mean quality score for the final conceptions as the 
dependent variable was carried out. Subjects assigned to the instructional 
condition NO ACTIVATION were not included in this analysis because their final 
ideas had not been activated. Therefore, the factor Instruction had 3 levels only 
(N = 63). 
This analysis revealed a significant main effect of the factor Instruction 
(F(2,57) = 10.11, p<.001)2. The quality of the final conceptions of the Ss from 
the condition OLD IDEA was lower than the quality of the final ideas of the Ss 
from the conditions CONTACT (t = -4.49, p<.001) and NEW IDEA (t = -2.75, p<.01). 
The difference between the conditions CONTACT and NEW IDEA (t = 1.77, ρ = .08) 
was not significant (see Table 1). 
Instructional conditions M Sd N 
Contact .65 .22 21 
New idea .48 .25 21 
Old idea .26 .21 21 
Table 1 Mean scores, standard deviations, and N of Ss per cell for the 3 
instructional conditions with respect to the quality of the final 
conceptions 
No significant main effect of the factor Familiarity (F(1,57) = 1.83, ρ = .18) was 
found. The interaction effect between Instruction and Familiarity 
(F(2,57) = 4 . 5 1 , p<.05), however, turned out to be significant. While no 
significant interaction effects with Familiarity were found between the 
2 When a significant effect involving the factor Instruction was found, post-hoc 
analyses were carried out in which the various instructional conditions were 
contrasted in pairs (Winer, 1971) 
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conditions CONTACT and OLD IDEA ( t= 20, p = 84) and between the conditions 
NEW IDEA and OLD IDEA (t = 2 37, p - 02) the interaction effect with Familiarity 
was significant between the conditions CONTACT and NEW IDEA (t = 2 77 p·^  01) 
If Ss were not very familiar with the central concepts of the training texts, the 
quality of the final ideas of the Ss from the conditions CONTACT and NEW IDEA 
were comparable However, if Ss were already very familiar with these 
concepts, the quality of the final ideas of the Ss from the CONTACT condition 
was higher than the quality of the final ideas of the Ss from the NEW IDEA 
condition (see Table 2) 
Instructional conditions M Sd N 
Low familiarity 
Contact 52 21 9 
New idea 59 19 7 
Old idea 21 20 16 
High familiarity 
Contact 74 18 12 
New idea 43 27 14 
Old idea 40 19 5 
Table 2 Mean scores, standard deviations, and N of Ss per cell for the 6 
Instruction X Familiarity groups with respect to the quality of the 
final conceptions 
To determine the training effects on the learning performance test scores, a 
repeated measurement ANOVA with 2 between subjects factors (Instruction 
and Familiarity) and 2 within subjects factors (Relatedness and Testing Time) 
was carried out Because the data of 4 Ss were missing, this analysis was 
performed based upon the data of 82 Ss 
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The main effects of the factors Instruction (F(3,74) = 1 28, ρ = .29) and 
Familiarity (F(1,74) = 1 99, ρ = 16) were not significant The interaction effect 
between Instruction and Familiarity (F(3,74) = 1 20, p = 31) turned out not to 
be significant as well 
The analysis, however, revealed a significant interaction effect between 
Instruction and Relatedness (F(3,74) = 10 16, p < 0 0 1 ) Significant interaction 
effects with Relatedness were found between the conditions CONTACT and NO 
ACTIVATION (t = 5 4 1 , p i .001 ), NEW IDEA and NO ACTIVATION (t = 2 89, p< 005) and 
OLD IDEA and NO ACTIVATION (t = 3 27, p< 005) These post hoc analyses revealed 
that there were no differences between the various instructional conditions with 
respect to the performance test questions that were directly related to the idea 
question of the corresponding training session, but that Ss from the condition 
NO ACTIVATION outperformed Ss from the other 3 conditions with respect to the 
less directly related items (see Table 3) 
Instructional conditions M Sd N 
Directly related questions 
Contact 53 15 19 
New idea .52 14 20 
Old idea 46 11 21 
No activation 51 19 22 
Less directly related questions 
Contact 42 14 19 
New idea 46 19 20 
Old idea 42 13 21 
No activation 56 20 22 
Table 3 Mean scores, standard deviations, and N of Ss per cell for the 4 
instructional conditions with directly related performance test 
questions and with questions that were less directly related to the 
particular idea question 
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Moreover, the interaction effect between Instruction and Testing Time 
(F(3,74)=5 99, p< 001) turned to be significant Significant interaction effects 
wi th Testing Time were found between the conditions CONTACT and NEW IDEA 
(t = -2 52, p< 01), CONTACT and OLD IDEA ( t= 2 97, p< 005) and CONTACT and NO 
ACTIVATION (t = -4 11 , p<001) For Ss from the CONTACT condition, learning 
performance scores on the post tests and on the retention test were 
comparable For Ss from the other 3 instructional conditions, however, 
performance scores had decreased (see Table 4) 
Instructional conditions M Sd N 
Post-tests 
Contact 46 16 19 
New idea 52 18 20 
Old idea 46 14 21 
No activation 58 19 22 
Retention test 
Contact 48 14 19 
New idea 46 16 20 
Old idea 42 11 21 
No activation 49 20 22 
Table 4 Mean scores, standard deviations, and N of Ss per cell for the 4 
instructional conditions on the post-tests and on the retention test 
The SLS data were analyzed by means of a repeated measurement ANOVA 
with 2 between-subjects factors (Instruction and Familiarity) and the within 
subjects factor SLS scale Because the data of 2 Ss were missing, the analysis 
was carried out based upon the data of 84 Ss This analysis revealed a 
significant main effect of the factor Instruction (F(3,76)=3 65 p^ 05) 
Significant differences were found between the conditions CONTACT and NO 
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ACTIVATION (t = 2 48, p< 01) and NEW IDEA and NO ACTIVATION (t = 2 78, p< 01) 
Subjects from the conditions CONTACT and NEW IDEA had higher scores on the 3 
parts of the SLS than Ss from the condition NO ACTIVATION (see Table 5) 
Instructional 
conditions 
Contact 
New idea 
Old idea 
No activation 
Part I 
M 
58 
52 
51 
47 
Sd 
16 
16 
13 
15 
Part II 
M 
56 
58 
50 
47 
Sd 
15 
10 
13 
15 
Part III 
M 
32 
35 
29 
29 
Sd 
19 
16 
14 
16 
N 
20 
21 
21 
22 
Table 5 Mean scores, standard deviations, and N of Ss per cell for the 4 
instructional conditions on the 3 parts of the SLS 
The main effect of the factor Familiarity (F(1,76)=2 15, ρ = 15) and the 
interaction effect between Instruction and Familiarity (F(3,76) = 1 68, p = 18) 
were not significant Moreover, the interaction effects involving the within 
subjects factor SLS scale turned out not to be significant 
4 5 CONCLUSIONS AND DISCUSSION 
As described in chapters 2 and 3, the CONTACT strategy was based upon a 
theoretical framework concerning knowledge restructuring processes (see also 
Ah, 1990) Taking into account cognitive and instructional conditions 
formulated by Nussbaum and Novick (1982), Strike and Posner (1985), Prawat 
(1989) and other researchers in the field of conceptual change, this framework 
was converted into an activation model consisting of 5 steps aimed at 
conceptual change Following Ali (1990), all instructional steps from the 
activation model were hypothesized to contribute to the effectiveness of the 
strategy Moreover, the effectiveness of the strategy was assumed to depend 
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on the degree of familiarity with the central concepts of the learning tasks The 
complete CONTACT strategy was hypothesized to be the most effective variant 
for "highly familiar" students, while students who are not very familiar with the 
central concepts of the training texts were supposed to profit more from a 
dismantled variant 
These hypotheses were partly confirmed by the results concerning the quality 
of the students' final conceptions On the whole, the condition OLD IDEA (in 
which students only had to perform the first step "searching for own 
preconceptions") led to final conceptions of the lowest quality Apparently, to 
be able to construct better conceptions, students need more help (as provided 
by the conditions CONTACT and NEW IDEA) This conclusion is in accordance with 
the findings from All's (1990) final study 
If students were not very familiar with the central concepts of the training 
texts, the quality of the final ideas of the students from the conditions CONTACT 
and NEW IDEA were comparable If students were already very familiar with these 
concepts, however, the quality of the final ideas of the students from the 
CONTACT condition was higher than the quality of the final ideas of the students 
from the NEW IDEA condition Thus, in this respect, the various instructional 
treatments differentially affected students, depending upon their familiarity with 
the subject matter (see also Tobias, 1976) 
If students are not very familiar with the central concepts of the learning tasks, 
the additional support of the instructional steps "comparing and contrasting the 
preconceptions with the new information" and "formulating new conceptions" 
(as represented by the NEW IDEA strategy) seems to be sufficient (see also 
Prawat, 1989) Probably, these students do not need the extra guidance of the 
other two instructional steps because they do not hold many preconceptions in 
advance because of a lack of former learning experiences (see also Johnson & 
Kieras, 1983) Consequently, they seem to be mainly involved in knowledge 
construction processes (aimed at constructing new conceptions), as opposed to 
knowledge restructuring processes (aimed at changing existing conceptions), 
which may be more difficult to achieve (see also Eylon & Linn, 1988) 
For students who are already very familiar with the central concepts of the 
material to be learned, however, the additional support of the steps "applying 
the new conceptions' and "evaluating the new conceptions" leads to final 
conceptions of a higher quality. This conclusion is in accordance with All 's 
(1990) finding that especially students who were already very familiar with the 
central concepts of the training texts profited from the CONTACT strategy A 
high degree of familiarity as reported by a student indicates that s/he has often 
heard, read, or seen something about the particular notions before, probably 
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because s/he is interested in this domain (see also Tobias, 1994) In other 
words, these students have had more learning experiences involving these 
concepts Because of these learning experiences, they appear to hold many 
elaborated preconceptions that are quite resistant to change (see also Eylon & 
Linn, 1988) This would explain why these students need more instructional 
guidance aimed at knowledge restructuring processes (see also Dochy, 1992) 
These students can use their own preconceptions as starting-points for 
knowledge reconstruction Whereas their preconceptions are integrated in a 
conceptual network, they must be activated actually to test and evaluate these 
conceptions For them, being activated to contrast their preconceptions with 
the learning material is not sufficient They have to experience whether their 
own ideas are valid or not Only if they conclude that their ideas do not enable 
them to solve problems, they will feel the need to change these conceptions 
(see also Strike & Posner, 1985) 
Concerning the students' learning performance, dismantling the training effects 
found by Ah (1990) was impossible, since the effects themselves were not 
replicated the superiority of the CONTACT strategy over the other instructional 
conditions failed to show up There was, however, some support for the 
selective attention hypothesis As mentioned in section 4 2, the effects of the 
CONTACT strategy were assumed to depend on the degree of conceptual 
resemblance of the idea questions used to activate the students' conceptions to 
the performance test questions Following the selective attention hypothesis 
(Pichert & Anderson, 1977, Anderson & Pichert, 1978, Goetz et a l , 1983, 
Machiels Bongaerts, 1993), the complete CONTACT strategy was hypothesized 
to lead to the highest learning performance scores on test questions that were 
directly related to the activated knowledge and to the lowest scores on 
questions that were less directly related (as opposed to the NO ACTIVATION 
condition) Moreover, the complete CONTACT strategy was assumed to result in 
better maintenance of the acquired knowledge than the other 3 instructional 
conditions 
The present study revealed that the effects of the various instructional 
conditions were indeed dependent on the type of performance test question 
and on the moment of testing Although there were no differences between the 
various instructional conditions with respect to the performance test questions 
that were directly related to the idea question of the corresponding training 
session, students from the NO ACTIVATION condition outperformed students from 
the other three instructional conditions with respect to the less directly related 
test items A remarkable outcome of this study was the lack of retention loss 
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for the CONTACT group all other groups performed much lower at retention time 
than at post test time, but the CONTACT group remained on the same level 
As mentioned above, the learning activities corresponding to the various steps 
of the CONTACT strategy appear to be necessary for the construction of valid 
conceptions However, these learning activities also demand a considerable 
amount of information processing capacity In this study, students from the 
CONTACT condition reported a higher frequency of usage of activities that can be 
performed to construct a correct conception (the CONTACT activities) than 
students from the condition NO ACTIVATION (see the results concerning part II of 
the SLS) Consequently, "CONTACT students" seem to lack the information-
processing capacity required to study the other information from the learning 
material in a profound way (and perhaps also the motivation to study this 
information, which might be seen as less relevant) Students from the condition 
NO ACTIVATION, however, can concentrate on the text as a whole 
Comparable research findings were reported by Nelson (1992), who examined 
the effects of a possible method of solving problems of knowledge 
representation and system adaptation in a hypermedia environment In this 
method, which was based upon the notion of semantic networks, the technique 
of knowledge mapping was used While reading hypermedia documents, the 
learner constructs a knowledge map specifying the relationships between 
concepts in the particular domain The resulting map can be used to recognize 
the learner's preconceptions and identify potential instructional opportunities 
The prototype knowledge map system was tested with 36 undergraduates 
assigned to one of 3 groups using different versions of the system (browse, 
map, and relate), which allowed the learner to use a knowledge map (browse), 
construct a knowledge map without feedback (map), or construct a knowledge 
map with feedback (relate) Subjects also completed paper and pencil pretests 
and post tests to identify the relationships between concepts introduced All 
participants gained a significant amount of knowledge about the content The 
browse group, however, performed better on the short answer test than the 
other two groups Nelson's (1992) conclusion was that students from the other 
two conditions were so involved in processing their knowledge maps that they 
did not study the concepts as well as students from the browse group These 
findings provide additional evidence for the selective attention hypothesis (see 
also Machiels-Bongaerts, 1993) 
As mentioned above, for students from the CONTACT condition, learning 
performance scores on the post-tests and on the retention test were 
comparable while, for students from the other 3 instructional conditions, 
performance scores were decreasing Students working with these dismantled 
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variants, seem to construct a "corpus alienum" for the new knowledge that 
cannot serve as a solid base for retrieval in the longer term Students supported 
by the complete CONTACT strategy while studying texts, on the other hand, 
seem to construct more valid and integrated conceptions with more adequate 
retrieval paths, resulting in better maintenance of the acquired knowledge (see 
also Schmidt, 1Э82) 
This lack of retention loss for the CONTACT group combined with the results 
concerning the students' final conceptions gives some hope that the CONTACT 
strategy (and the underlying activation model) might be effective after all One 
could argue that the CONTACT strategy is effective as instructional strategy 
aimed at conceptual change (especially for "highly familiar" students) because 
students construct conceptions representing the relations between the central 
concepts of the learning tasks more accurately In the present study, students 
from the CONTACT condition also identified most learning activities to be 
performed to construct a correct conception (see the results concerning part I 
of the SLS) In other words, the underlying activation model might be valid and 
useful (see also Ah, 1990) Additional research on the effectiveness of the 
activation model, however, is desirable Additional research is also needed with 
respect to the negative side effect found in the present study students mainly 
seem to focus on constructing correct conceptions and not on studying the text 
as a whole, which results in lower learning performance scores with respect to 
test questions less directly related to the central concepts 
How can one explain the different findings from this study and Alt's (1990) final 
experiment, in which the CONTACT strategy was superior to the before-after 
(BEAFT) strategy, which had been superior to a no activation control group in a 
previous study 7 One explanation might be the involvement of fifth-grade 
students in this study Perhaps the strategy is too complicated for the younger 
students Post-hoc analyses, however, did not reveal any differences between 
fifth and sixth graders Another explanation might be that shortening the 
training from 9 to 7 sessions is responsible for the differences between both 
studies In All's study, there were indeed more differences between the 
CONTACT group and the BEAFT group at the end of the training than in the 
beginning (see Ah, 1990) Students have to learn how to work with their prior 
knowledge and to use the help offered An additional explanation might be 
found in the competence level of the students There are some indications that 
the students in All's study were of a higher competence level than the present 
ones Finally, the different research outcomes may be caused by interference 
effects students had to study conceptual information and had to learn how to 
learn simultaneously Informal observations showed that the students in this 
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study had more of these problems and more problems in maintaining their 
concentration than students in All's study To conclude, instead of denying the 
effectiveness of the CONTACT strategy trying to improve it seems to be better 
Based upon this study, some implications for the design of process oriented 
instructional strategies aimed at activation of prior knowledge can be 
formulated On the one hand, such instructional strategies should support 
conceptual-change processes and, on the other hand, these strategies should 
offer a solution for the above mentioned problem of selective attention 
With respect to the CONTACT strategy, the efficiency and flexibility of the 
strategy could be increased by stressing the relevance of the strategy, 
providing optional "on line" support aimed at clarifying the instructional steps 
(in the present study, students from the CONTACT condition did not give very 
accurate descriptions why performing the various steps is important and how 
these steps can be performed in terms of concrete learning activities see the 
results concerning part III of the SLS) stressing the need to perform the 
corresponding learning activities in a profound way (e g by using worksheets), 
optimizing the layout and structure of the training programme, activating the 
student's preconceptions in various (textual, visual) ways ("multiple bridging 
see also Spiro et al , 1991), making the strategy as sensitive as possible to the 
student's progress, etc 
The student's attention could be focused on studying the learning task as a 
whole and not just on constructing a correct conception by stressing the goal 
of the training (comprehension of the whole text), accentuating all important 
concepts of the learning material, optimizing the scrolling options reducing the 
amount of information concerning the steps of the strategy the student is 
obliged to read, etc 
To conclude, instructional designers should both strive for increased efficiency 
and flexibility of their strategies and try to draw the student's attention to the 
learning task as a whole and not just to the relations between the central 
concepts of the learning tasks Therefore, in the next study, the effectiveness 
of a revised version of the CONTACT strategy based upon these prescriptions 
was examined Such strategies offering specific support to individual 
knowledge (re)construction processes seem to be necessary the present study 
showed that many students need the support of an instructional strategy to 
activate their preconceptions and to construct correct conceptions 
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5 STUDY 2: 
THE CONTACT-2 STRATEGY1 
5 1 INTRODUCTION 
In the previous study, the effects of the various CONTACT steps were examined 
by dismantling the strategy (see for more details chapter 4) The results from 
this study showed that the complete CONTACT strategy was more effective in 
promoting conceptual change than the 2 dismantled variants (especially for 
"highly familiar" fifth and sixth graders) students assigned to the complete 
CONTACT condition constructed conceptions representing the relations between 
the central concepts of the training texts more accurately Nevertheless, the 
CONTACT strategy appeared to have a negative side-effect students mainly 
seemed to focus on constructing correct conceptions, while disregarding 
information less directly related to the central concepts of the texts This led to 
lower learning performance scores on less directly related test questions, as 
compared with the no activation control group These findings were in 
accordance with the selective-attention hypothesis (see also Machiels-
Bongaerts, 1993) On the whole, the various instructional conditions did not 
differ with respect to the students' learning performance scores In this respect, 
dismantling the training effects found by Ah (1990) was impossible, since the 
effects themselves were not replicated A remarkable outcome of this study 
was the lack of retention loss for the CONTACT group all other groups performed 
much lower at retention time than at post test time but the CONTACT group 
remained on the same level This finding combined with the results concerning 
the students' conceptions, gave some hope that the underlying activation 
model might be effective after all instead of denying the effectiveness of the 
CONTACT strategy, trying to improve it seems to be better 
The original version of this chapter was published as 
Biemans H J A & Simons PR J (1996) CONTACT 2 a computer assisted 
instructional strategy for promoting conceptual change Instructional Science 24 
157 176 
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5.2 RESEARCH QUESTIONS AND HYPOTHESES 
Therefore, in the present study, an attempt was made to improve the CONTACT 
strategy in several respects and to prevent the selective attention phenomenon 
from occurring The strategy should become more flexible and offer still more 
help to the less competent students Therefore, a revised variant of the 
CONTACT strategy, the so-called CONTACT 2 strategy, was constructed To be 
able to examine the effects of the CONTACT 2 strategy, both strategies (the 
CONTACT strategy and the CONTACT 2 strategy) were identical with respect to 
texts and illustrations and the underlying activation model 
The aim of this study was to explore whether the adaptations of the CONTACT 
strategy would result in increased effectiveness in terms of conceptions and 
learning performance Therefore, Ss were assigned to 3 instructional conditions 
1) original CONTACT condition (see for more details chapter 4), 
2) CONTACT 2 condition (see section 5 3 2), 
3) NO ACTIVATION condition (see for more details chapter 4) 
On the whole, the CONTACT 2 strategy was hypothesized to be the most 
effective variant Whereas the CONTACT 2 strategy was supposed to be more 
flexible than the original CONTACT strategy, the CONTACT 2 strategy was assumed 
to be more effective both for students who were already very familiar with the 
central concepts of the texts to be studied and for students who were not very 
familiar with these concepts before the training The CONTACT 2 strategy was 
expected to serve the needs of both groups of students 
Moreover, the CONTACT 2 strategy was characterized by various adaptations to 
solve the problem of selective attention Therefore, the CONTACT 2 strategy was 
hypothesized to lead to higher learning performance scores both on questions 
that were directly related to the central concepts of the texts and on less 
directly related questions Finally, the revised variant was assumed to result in 
the best maintenance of the acquired knowledge 
5.3 METHOD 
5.3.1 Subjects 
Subjects were 74 students (10 to 13 years old) They were attending 3 
different classes of the same 2 primary schools that had participated in the 
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previous study (29 fifth graders and 45 sixth-graders) After being matched 
based upon their reading comprehension level as judged by their teacher (high, 
average, or low) and their grade (5 or 6), Ss were assigned to the 3 
instructional conditions at random 
5.3.2 Instructional conditions 
Subjects were assigned to 3 instructional conditions the original CONTACT 
condition ( N - 2 5 ) , the CONTACT 2 condition (N = 25) and the NO ACTIVATION 
control condition (N=24) The CONTACT condition and the NO ACTIVATION 
condition were identical to the conditions of the same name used in the 
previous study (see for more details chapter 4) The revised variant of the 
CONTACT strategy, the CONTACT 2 strategy, was based upon the conclusions 
from the previous study 
To increase the efficiency and flexibility of the strategy, various adaptations 
aimed at supporting conceptual-change processes were made 
1) With respect to all the steps of the original CONTACT strategy, additional 
strategic information in "How" and "Why" parts is included (see also 
Biemans, 1989, 1994, Biemans & Simons, 1992) The "How" parts 
contain information about how that particular step can be realized and, in 
the "Why" parts, the relevance of the particular step is explained When 
the student is executing a particular step of the CONTACT 2 strategy, 
however, the corresponding "How" and "Why" parts are optional During 
the first sequence of steps, the monitoring question "Do you understand 
what to do during this step7" is always posed before the student can 
execute the particular step. In case of a negative answer, the student has 
to study the corresponding "How" parts before executing the step In 
case of an affirmative answer, the student can execute the step 
immediately During the second sequence of steps, the "How" and 
"Why" parts are fully optional monitoring questions are omitted 
2) If the student has a correct conception at the end of the first sequence of 
steps, the second sequence is not presented the CONTACT 2 strategy is 
more sensitive to the student's progress than the original CONTACT 
strategy 
3) All learning activities corresponding to a particular step of the CONTACT 2 
strategy have to be performed on one "execution screen" of which all 
elements are labelled in different colours the "execution screens" of the 
various steps are more surveyable 
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4) After each "execution screen', the student is asked whether s/he has 
writ ten down the requested information on the worksheet to ensure that 
s/he executes the particular step in a profound way 
5) While performing the steps "searching for own preconceptions", 
"formulating new conceptions' and "applying the new conceptions", the 
student can ask for a corresponding picture both textual and visual 
presentation modes are used to optimize the student's opportunities to 
activate his/her conception ("multiple bridging", see also Spiro et al , 
1991) 
6) With respect to the steps "comparing and contrasting the preconceptions 
with the new information" and "evaluating the new conceptions", crucial 
concepts are accentuated in different colours to focus the student's 
attention on the essential elements from his/her conception and from the 
text 
To solve the problem of selective attention, the strategy was adapted in several 
respects These adaptations were aimed at spreading the student's attention 
7) At the beginning of each training session, the goal of the training 
(comprehension of the whole text) is stressed 
8) Crucial concepts and relations between concepts are accentuated in red 
to focus the student's attention on all important information from the 
text 
9) The student is given the opportunity to search for information on other 
text screens scrolling options are optimized 
10) The amount of strategic information the student is obliged to read, is 
reduced so the student can pay more attention to the text itself 
11) If the student has a correct conception at the end of the first sequence of 
steps, the second sequence is not presented so the student can pay 
more attention to the text itself 
5.3.3 Design and materials 
As in the previous study, a factorial design with 2 between subjects factors, 
Instruction and Familiarity, was used The factor Instruction had 3 levels the 
CONTACT condition, the CONTACT 2 condition, and the NO ACTIVATION condition 
(see Table 1, see also section 5 3 2) 
The factor Familiarity was based upon students' scores on the familiarity rating 
scale This rating scale was a list of 14 central concepts of the 7 training texts 
With each concept, Ss had to state on a 3-point scale how often they had 
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heard, read, or seen something about that particular notion before Based upon 
their total familiarity score, Ss were assigned to the Low familiarity group 
(N=35) or the High familiarity group (N = 39) with the median as the criterion 
(see Table 1 see also section 4 3 2) 
Low familiarity High familiarity 
Contact 10 15 
Contact 2 13 12 
No activation 12 12 
Table 1 N of Ss per cell for the 6 Instruction X Familiarity groups 
The effects of the between subjects factors Instruction and Familiarity on 
students' conceptions were measured by means of idea questions An idea 
question could be described as a concrete problem to be solved by relating the 
central concepts of the corresponding training text Each student had to choose 
from 6 answer alternatives corresponding to different ideas about the relations 
between the concepts involved in the problem The answer alternatives were 
based upon various conceptions determined as frequently held by students in 
the domain of basic physical geography (see Ali, 1990) One answer alternative 
corresponded to the scientific notion as explained in the text Except for Ss 
assigned to the condition NO ACTIVATION, students had to state their conception 
at various moments during each training session (N = 50) (see Table 2, see also 
section 4 3 2) 
The quality of students' conceptions and their ability to apply these conceptions 
were also measured after the training Immediately after each training session 
all students answered the particular idea question on paper Moreover, they 
answered the 2 practice questions from the particular training lesson (treating 
the same concepts and relations between concepts) (see also section 3 5 1) 
The same questions were posed both 2 weeks and 2 months after the final 
training session (see Table 2) 
As in the previous study, the effects of the between subjects factors on 
learning performance were measured by means of post tests administered 
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immediately after the corresponding training session and a retention test 
delivered 2 weeks after the final training session In this study however, a 
second -identical retention test was administered 2 months after the final 
training session to trace the long term training effects All questions had been 
classified as "directly related to the particular idea question" or as 'less directly 
related" (see Table 2, see also section 4 3 2) 
After the training, Ss filled in the statement List "Studying a text" (SLS) With 
the first part of the SLS, Ss had to identify the learning activities that could be 
performed to construct a correct conception while studying a text With the 
second part of the inventory, Ss had to state on a 5 point scale how often they 
had performed these learning activities during the training (see Table 2, see also 
section 4 3 2) 
Within subjects factor(s) Levels 
Conceptions Training Time 
during training 
Preconception 
Conception after step 1 
Conception after step 3 
Conception after 1s t sequence 
Final conception 
Conceptions Testing Time 
after training + 
ability to apply 
Immediately after training 
After 2 weeks 
After 2 months 
Learning 
performance 
Relatedness 
Testing Time 
Directly related 
Less directly related 
Post-tests 
Retention test 1 
Retention test 2 
Learning 
activities 
SLS scale Part I 
Part II 
Table 2 Within subjects factors and their levels in the present study mean 
scores were calculated by dividing the sum scores by the number 
of questions (see for more details section 4 3 2) 
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5.3.4 Procedure 
The procedure of this experiment was comparable to the procedure of the 
previous study (see Figure 1, see also section 4 3 3) 
Session 1 Familiarity rating scale 
Session 2 Introduction session 
Session 3 - 9 Training sessions + post tests + 
idea and practice questions 
Session 10 Statement list "Studying a text" 
Session 11 Retention test 1 + 
idea and practice questions 
Session 12 Retention test 2 + 
idea and practice questions 
Figure 1 Procedure of the present study 
The 7 training texts were all relatively short and dealt with basic physical 
geography (see also section 3 5) Each student was allowed the time s/he 
needed to study the text screens and to perform the learning activities 
corresponding to the steps of the instructional strategy. 
5 4 RESULTS 
To explore the intervention effects on the quality of the students' conceptions 
during the training, a repeated measurement ANOVA with the 2 between 
subjects factors Instruction and Familiarity and the within subjects factor 
Training Time was carried out Subjects assigned to the instructional condition 
NO ACTIVATION were not included in this analysis because their conceptions had 
not been activated (N = 50) 
The main effects of the factors Instruction (F (1 ,46) -2 44, p= 12) and 
Familiarity (F(1,46) = 3 32, p = 07) were not significant The interaction effect 
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between Instruction and Familiarity (F(1,46) = .77; p = .38) turned out not to be 
significant either.
The analysis, however, revealed a significant interaction effect between 
Instruction, Familiarity, and Training Time (F(4,43) =2 .95 ; p<.05). For Ss who 
were already very familiar w ith the concepts of the training texts, the c o n t a c t -2  
strategy led to better conceptions than the c o n t a c t  strategy from the third 
instructional step on ("formulating new conceptions") (see Figure 2a). For Ss 
who were not very familiar w ith these concepts, it was not until the second 
sequence of instructional steps, that the difference in quality of conceptions 
between the c o n t a c t -2 condition and the c o n t a c t  condition showed (see Figure 
2b).
Figure 2a Mean scores for the conditions c o n t a c t  and c o n t a c t -2  with 
respect to the quality of the conceptions (High familiarity group)
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Figure 2b Mean scores for the conditions c o n t a c t  and c o n t a c t -2  with 
respect to the quality of the conceptions (Low familiarity group)
To examine whether the training affected the quality of students' eonceptions 
after the training and on their ability to apply these conceptions*a repeated 
measurement ANOVA with the 2 between-subjects factors Instruction and 
Familiarity and the within-subjects factor Testing Time was carried out. Because 
of missing data of 5 Ss, this analysis was based upon the data o f 69 Ss.
A significant main effect of the factor Instruction (F(2,63) = 6 .6 5 ; p<.005) was 
found. Subjects from the c o n t a c t -2 condition had higher scores on the idea and 
practice questions than Ss from the conditions c o n t a c t  (t = 3.38; p<.001) and 
NO a c t i v a t io n  (t =  2.82; p<.01). The difference between the conditions NO 
a c t i v a t io n  and c o n t a c t  (t = .53; p = .60) was not significant (see Table 3).
The main effect of the factor Familiarity (F(1,63) = 1.06; p = .31) and the 
interaction effect between Instruction and Familiarity (F(2,63) = .55; p = .58) 
were not significant. The interaction effects involving the within-subjects factor 
Testing Time turned out not to be significant either.
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M Sd N 
Contact 45 15 23 
Contact 2 62 18 24 
No activation 47 19 22 
Table 3 Mean scores, standard deviations, and N of Ss per cell for the 3 
instructional conditions on the idea and practice questions 
To determine the training effects on the students' learning performance on the 
post tests and the 2 retention tests, a repeated measurement ANOVA with 2 
between subjects factors (Instruction and Familiarity) and 2 within subjects 
factors (Relatedness and Testing Time) was carried out Because the data of 9 
Ss were missing, this analysis was based upon the data of 65 Ss 
A significant main effect of the factor Instruction (F(2,59)=6 16, p< 005) was 
found Subjects from the CONTACT 2 condition had higher learning performance 
scores than Ss from the conditions CONTACT (t = 3 36, p< 001) and NO 
ACTIVATION (t = 2 53, p< 01) No significant difference was found between the 
conditions NO ACTIVATION and CONTACT ( t = 89, ρ 37) (see Table 4) 
M Sd N 
Contact 47 13 21 
Contact 2 62 14 22 
No activation 51 15 22 
Table 4 Mean scores, standard deviations, and N of Ss per cell for the 3 
instructional conditions on the learning performance tests 
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The main effect of the factor Familiarity (F(1,59) = 0 1 , p = 94) and the 
interaction effect between Instruction and Familiarity (F(2,59) = 36, p = 70) 
were not significant (see Table 5) 
Low familiarity High familiarity 
M Sd Ν M Sd N 
Contact 48 12 8 46 14 13 
Contact 2 62 16 11 61 13 11 
No activation 49 13 11 53 16 11 
Table 5 Mean scores, standard deviations, and N of Ss per cell for the 3 
instructional conditions on the learning performance tests, both for 
the Low familiarity group and the High familiarity group 
The interaction effect between Instruction and Relatedness (F(2,59)= 94, 
p = 40) turned out not to be significant either (see Table 6) 
Directly related Less directly related 
M Sd Ν M Sd N 
Contact 48 12 21 46 14 21 
Contact 2 63 12 22 60 17 22 
No activation 54 15 22 48 16 22 
Table 6 Mean scores, standard deviations, and N of Ss per cell for the 3 
instructional conditions on the learning performance tests, both on 
questions that were directly related to the particular idea question 
and on questions that were less directly related 
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Moreover, the interaction effect between Instruction and Testing Time 
(F(4,114) = .56; p = .69) was not significant (see Figure 3).
Figure 3 Mean scores for the 3 instructional conditions. pr> the learning 
performance tests (post-tests, firs t retention test? and second 
retention test)
The SLS data were analyzed by means of a repeated measurement ANOVA 
w ith  2 between-subjects factors (Instruction and Familiarity) and 1 w ithin- 
subjects factor (SLS scale). This analysis revealed a significant main effect of 
the factor Instruction (F(2,68) = 7.44; p<.001): significant differences were 
found between the conditions c o n t a c t  and n o  a c t iv a t io n  (t =  3.70; p<.001) and 
between the conditions c o n t a c t -2  and no a c t iv a t io n  (t =  2.82; p<.01). Subjects 
from the conditions c o n t a c t  and c o n t a c t -2  had higher scores on both parts of 
the SLS than Ss from the condition no a c t iv a t io n .  Between the conditions 
c o n t a c t  and c o n t a c t -2 (t =  .91; p = .36), no significant difference was found 
(see Table 7).
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Part I Part II 
M Sd M Sd N 
Contact 63 16 68 15 25 
Contact-2 59 11 65 15 25 
No activation 54 12 54 16 24 
Table 7 Mean scores, standard deviations, and N of Ss per cell for the 3 
instructional conditions on the 2 parts of the SLS 
The main effect of the factor Familiarity (F(1,68) = 5 66, p< 05) was also 
significant "highly familiar" Ss ( 64) had higher scores on both parts of the SLS 
than Ss who were not very familiar with the central concepts of the texts ( 57) 
The interaction effect between Instruction and Familiarity (F(2,68)= 07, 
p= 93) was not significant Moreover, the interaction effects involving the 
within-subjects factor SLS scale turned out not to be significant 
5.5 CONCLUSIONS AND DISCUSSION 
The main conclusion drawn from the previous study (see for more details 
chapter 4) was that the original CONTACT strategy (see also AN, 1990, section 
3 5) is effective in the sense that students construct conceptions accurately 
representing the relations between the central concepts of the learning tasks 
(especially students who are already very familiar with these concepts), but 
ineffective in the sense that students mainly seem to concentrate on 
constructing these conceptions and less on studying the texts as a whole 
Therefore, in the present study, the effectiveness of a revised variant of the 
CONTACT strategy, the so called CONTACT 2 strategy, was examined The 
CONTACT 2 strategy is characterized both by adaptations to solve the problem of 
selective attention (see also Machiels Bongaerts, 1993) and by adaptations to 
increase the efficiency and flexibility of the original CONTACT strategy These 
adaptations were hypothesized to result in increased effectiveness of the 
instructional strategy in terms of conceptions and learning performance, both 
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for "highly familiar" students and for students who were not very familiar with 
the central concepts of the training texts Moreover this increased 
effectiveness was assumed not to depend on the degree of conceptual 
resemblance between the performance test questions and the "exposing 
events" (the idea questions) and on the moment of testing 
On the whole, the present study appeared to confirm these hypotheses The 
CONTACT 2 strategy was more effective as process-oriented instructional 
strategy aimed at supporting conceptual change processes than the CONTACT 
strategy the CONTACT 2 strategy led to better conceptions at the end of the 
training sessions The stage in which the difference between the 2 strategies in 
quality of conceptions showed, depended on the degree of familiarity with the 
central concepts of the learning tasks (as in the previous study, a high degree 
of familiarity as reported by a student before formal instruction suggests that 
s/he has constructed many elaborated preconceptions because of his/her 
former learning experiences, see also section 4 5) 
For students who were already very familiar with these concepts, the CONTACT 2 
strategy led to better conceptions than the CONTACT strategy from the third 
instructional step on While performing this step, students formulate a new 
conception based upon the previous step ("comparing and contrasting the 
preconception with the new information") With respect to these 2 instructional 
steps, the CONTACT 2 strategy is characterized by various adaptations With 
respect to the step "comparing and contrasting the preconception with the new 
information", the crucial concepts are accentuated in different colours to focus 
the student's attention on the essential elements from his/her conception and 
from the text With respect to the step "formulating a new conception", the 
idea question is presented in both a textual and a visual mode to optimize the 
opportunity for the student to activate his/her conception ("multiple bridging", 
see also Spiro et al , 1ЭЭ1) With respect to both steps, the student can ask for 
strategic information when s/he is executing a particular step Moreover, 
monitoring questions are posed to check if the student understands what to do 
during that step Apparently, these adaptations resulted in increased 
effectiveness of the instructional strategy execution of the particular steps was 
supported in a more efficient way 
Students who are not very familiar with the central concepts of the texts do not 
seem to hold many preconceptions before formal instruction because of a lack 
of former learning experiences (see also section 4 5) During the first sequence 
of instructional steps, these students seemed to be mainly involved in 
knowledge construction processes aimed at constructing conceptions At this 
stage, both strategies led to conceptions of comparable quality During the 
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second sequence of steps, however, these students had their conception from 
the first sequence as a starting point and they could get involved in conceptual 
change processes (aimed at relating their conceptions with the information from 
the learning task and at correcting their conceptions if necessary) It was not 
until this stage that the benefits of the CONTACT 2 strategy mentioned above 
became clear the difference in quality of conceptions between the CONTACT 2 
strategy and the CONTACT strategy showed 
These assumptions were confirmed by the SLS data "highly familiar" students 
had higher scores on both parts of the SLS than students who were not very 
familiar with the central concepts of the texts They identified more learning 
activities aimed at conceptual change and they reported a higher frequency of 
using these activities apparently, "highly familiar students are more involved 
in conceptual change processes during learning while students who are not 
very familiar with the central concepts of the learning task are more concerned 
with knowledge construction processes (see also section 4 5) 
The results from the present study showed that students who had been guided 
by the CONTACT 2 strategy had better conceptions after the training than 
students from the conditions CONTACT and NO ACTIVATION and were able to apply 
these conceptions in a more adequate way These findings seemed to confirm 
the conclusions drawn above the CONTACT 2 strategy appears to lead to 
conceptions of the highest quality, which can be transferred to other problem 
solving situations, even after a longer period (see Simons & Verschaffel, 1992) 
The original CONTACT strategy, on the other hand, does not lead to better 
conceptions (in the longer term) than the control condition NO ACTIVATION 
Students assigned to the CONTACT condition and the CONTACT 2 condition did not 
differ with respect to the number of correctly identified learning activities (to be 
performed to construct correct conceptions) and with respect to the frequency 
of using these activities Apparently, these students perform comparable 
learning activities in similar frequencies (activated by the particular instructional 
strategy) However, students who are supported by the CONTACT 2 strategy 
seem to do this in a more effective way they construct more valid conceptions 
with more adequate retrieval paths (see also Schmidt 1982) 
Concerning the students' learning performance as measured by the post tests 
and the 2 retention tests, a comparable training effect was found students 
from the CONTACT 2 condition had higher learning performance scores than 
students from the conditions CONTACT and NO ACTIVATION (no significant 
difference was found between the conditions NO ACTIVATION and CONTACT) 
Thus the CONTACT 2 strategy did not only lead to conceptions of the highest 
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quality but also to the best learning performance, both at post test and at 
retention time 
During the whole training, students from the CONTACT 2 condition needed less 
time to finish the sessions than students from the CONTACT condition Thus the 
CONTACT 2 strategy was more efficient than the original CONTACT strategy with 
respect to time costs as well Students from the NO ACTIVATION condition, on the 
other hand, took less time than students from the CONTACT 2 condition Both 
groups of students spent about the same time studying the training texts Time 
differences could be explained by the time CONTACT 2 students needed to 
perform the learning activities corresponding to the steps of the instructional 
strategy At the end of the training, these time differences had become much 
less without affecting differences in learning performance (see also AN 1990) 
Therefore, time on task phenomena could not be held responsible for the 
training effects described above 
In the previous study, a negative side-effect of the original CONTACT strategy 
had been found students supported by the original CONTACT strategy seemed to 
focus more on constructing correct conceptions and less on studying the texts 
as a whole Therefore, the CONTACT strategy was revised in several respects to 
solve this problem of selective attention (see also Machiels Bongaerts, 1993) 
These adaptations were aimed at spreading the students' attention (in the 
sense that they are not just focused on giving a correct answer to the idea 
question but also on studying the text as a whole) 
The present study showed that these adaptations had the desired effect the 
selective-attention problem had been overcome Students who had been 
assigned to the CONTACT 2 condition achieved the best learning performance 
scores, both on test questions directly related to the central concepts of the 
training texts and on less directly related questions Thus, it appears to be 
possible to help students in using their prior knowledge and in restructuring 
their preconceptions and to prevent the selective-attention effect (which was 
found in the previous study) from occurring Students who are guided by the 
CONTACT 2 strategy seem to have more information-processing capacity left for 
studying the other information from the learning tasks because they perform 
the learning activities corresponding to the various instructional steps in a more 
effective and efficient way They appear to use this attention and memory 
capacity to study the texts as a whole m depth The CONTACT 2 strategy seems 
to support them in doing so because the goal of the training (comprehension of 
the whole text) is stressed, all important concepts of the learning material are 
accentuated, and scrolling options are optimized Students can also pay more 
attention to the text itself because the amount of strategic information they are 
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obliged to read is reduced, and because the second sequence of instructional 
steps is not presented if they have a correct conception at the end of the first 
sequence of steps 
Based upon the findings of this study, one could argue that the CONTACT 2 
strategy is more effective as instructional strategy aimed at conceptual change 
than the other 2 conditions because students construct conceptions more 
accurately representing the relations between the central concepts of the 
learning tasks and because they achieve higher learning performance scores 
Therefore, this study provides additional empirical support for the underlying 
activation model (see also Ah, 1990, section 3 5), which is based upon the 
cognitive and instructional conditions formulated by Nussbaum and Novick 
(1982), Strike and Posner (1985), Prawat (1989) and others Moreover, the 
effectiveness of the CONTACT 2 strategy appears not to depend on the degree of 
conceptual resemblance between the performance test questions and the 
'exposing events" (the idea questions) and on the moment of testing 
To conclude, the adaptations of the CONTACT strategy resulted in increased 
effectiveness, efficiency, and flexibility of the strategy and in an adequate 
solution to the problem of selective attention the students' attention is drawn 
to the learning tasks as a whole and not just to the relations between the 
central concepts Therefore, the results from this study support the following 
conclusion with respect to the design of process-oriented instructional 
strategies aimed at activation of prior knowledge and conceptual change on 
the one hand, such instructional strategies should support all processes 
involved in conceptual change and, on the other hand, these strategies should 
draw the student's attention to the learning task as a whole 
However, other questions arise out of this conclusion Although the present 
study showed that it is possible to help fifth- and sixth graders (primary 
education) to use their prior knowledge in an active way by means of a 
process oriented instructional strategy presented through computer-assisted 
instruction, it is still unclear, however, what exactly causes the effectiveness of 
the strategy A rather complex learning environment was designed, which 
turned out to be effective in promoting conceptual change But what are the 
essential ingredients7 Can some instructional steps and measures be skipped7 
Can stripped variants of the strategy also be made effective7 New dismantling 
studies seem to be necessary to answer these questions Of course, other kinds 
of research are needed, too For instance, studying the generahzability of the 
effects of the instructional strategy to other content domains and other student 
populations seems to be crucial 
77 
In the next study, however, these lines of research will not be pursued Instead, 
the focus will be on another aspect of the CONTACT 2 strategy like many other 
strategies aimed at conceptual change, this strategy is characterized by a rather 
high degree of external control As was shown in the present study, a high 
degree of external control can result in conceptions of a higher quality and in 
better learning performance, but it may also lead to higher dependence on 
external support (see also Biemans & Simons, 1992) Dependence on external 
control can be an undesirable side-effect of an (any) instructional strategy in 
the longer term without external help, students may not be able to initiate and 
perform the particular learning activities themselves, and, thus, to achieve the 
learning goals (see also Vermunt, 1992) Moreover, designing instructional 
programmes for all subject matter following a particular instructional strategy 
such as the CONTACT 2 strategy would be impossible 
Therefore, one could argue that the ultimate goal should be to teach students 
how to perform the steps of the strategy on their own or, in other words, to 
teach students how to activate their own preconceptions and how to construct 
correct conceptions themselves This seems to require quite another 
instructional approach a "learning to learn" approach aimed at enhancing self 
regulated learning (see also Reeve, Palincsar & Brown, 1987, Brown, Collins & 
Duguid, 1989, Nisbet, 1989, Jonassen, 1991, De Jong, 1992, Vermunt, 1992, 
Van Hout Wolters, 1994, Simons & Klüvers, 1994) Therefore, in the next 
study, the CONTACT 2 strategy will serve as the starting point for such a 
"learning to learn training procedure The main goal of this study will be to 
examine to what extent the learning activities corresponding to the various 
steps of the CONTACT 2 strategy can be learned Domain and target population 
will be the same as in the previous studies The strategy will be implemented in 
a computer assisted training programme aimed at teaching students how to 
perform the various CONTACT 2 activities themselves Therefore, external control 
will be gradually withdrawn ("fading", see also Reeve, Palincsar & Brown, 
1987) In the first instructional condition, strategic support will be gradually 
withdrawn within each step (see also Biemans & Simons, 1992) while in the 
second condition the number of instructional steps will be reduced as the 
training proceeds The CONTACT 2 condition from the present study will serve as 
control condition Again, dependent variables will concern quality of 
conceptions and learning performance Additionally, students' ability to perform 
learning activities aimed at conceptual change will be measured The results of 
this study should shed some light on the instructional conditions required to 
teach students how they themselves can initiate and perform learning activities 
aimed at conceptual change 
78 
6 STUDY 3: 
LEARNING TO LEARN FOR CONCEPTUAL CHANGE1 
6.1 INTRODUCTION 
As part of the previous study, the CONTACT 2 strategy was constructed and 
evaluated (see also chapter 5). Based upon the findings of this study, one could 
conclude that the CONTACT 2 strategy was more effective as instructional 
strategy aimed at prior-knowledge activation and conceptual change than the 
other 2 conditions (the original CONTACT condition and the control condition NO 
ACTIVATION) because students constructed conceptions more accurately 
representing the relations between the central concepts of the learning tasks 
and because they achieved higher learning performance scores. Moreover, the 
effectiveness of the CONTACT 2 strategy appeared not to depend on the degree 
of conceptual resemblance between the performance test questions and the 
central concepts of the texts and on the moment of testing. 
The present study focused on another aspect of the CONTACT-2 strategy: the 
CONTACT-2 strategy is characterized by a high degree of external control. As had 
been shown in the previous study, a high degree of external control can result 
in conceptions of a higher quality and in better learning performance, but it may 
also lead to higher dependence on external support (see also Biemans & 
Simons, 1992). High dependence on external control can be an undesirable 
side-effect of an (any) instructional strategy in the longer term: without external 
help, students may not be able to initiate and perform the particular learning 
activities themselves, and, thus, to achieve the learning goals (see also 
Vermunt, 1992). Moreover, designing instructional programmes for all subject 
matter following the CONTACT-2 strategy would be impossible. Therefore, 
training procedures aimed at teaching students how to activate their own 
preconceptions and how to construct correct conceptions themselves took up a 
central position in the present study. 
1 The original version of this chapter was published as 
Biemans, H J A , & Simons, PR J (1996) Computer-assisted instruction and 
conceptual change Educational Research and Evaluation, 2, 81 108 
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Following Simons (1991), 5 learning functions were distinguished, which have 
to be performed to ensure adequate learning (see also Shuell 1988) 1) 
preparing learning, 2) taking learning steps, 3) regulating learning, 4) providing 
feedback and judgment, and 5) maintaining concentration and motivation Each 
learning function includes various activities, which can be undertaken either by 
the learner or by an external source (e g the teacher or С A I programme), 
depending on the way the learning situation is organized (see also Biemans & 
Simons, 1992) 
In case of direct teaching, learning functions are mainly fulfilled by an external 
source These learning situations are characterized by a high degree of external 
control the external source initiates and fulfils the learning functions A second 
option is activation of learning functions, which pertains to forcing the learner 
to perform the corresponding learning activities in a specified way In this case, 
the degree of external control still is relatively high the learning functions are 
initiated and structured by the external source through the presentation of 
assignments to be performed by the learner Another way in which instructional 
systems can influence learning functions is by stimulation, which involves either 
providing general advice to execute certain learning activities or training the 
learner to fulfil the learning functions Compared with the option of activation, 
stimulation is typified by less external control the learner is stimulated to 
initiate and perform the corresponding learning activities Finally, if the student 
is able to adequately fulfil learning functions with a (very) low degree of 
external support, learning is self regulated 
Many training programmes have been developed to improve self regulation 
knowledge and skills (see Nisbet 1989, Van Hout Wolters, 1994) These 
training programmes considerably differ with respect to the degree of external 
control provided by the learning environment Some programmes are 
characterized by a high degree of external control, while, with other training 
procedures, learners have to rely on themselves to a higher extent (see also 
Wittrock, 1990) A gradual transfer of the responsibility for learning processes 
from an external source in the learning environment (e g the teacher or С A I 
programme) to the learner ("fading" of external control) seems to be another, 
promising option to enhance the quality of the student's self-regulated learning 
Training programmes based upon "fading" principles are characterized by a 
gradual withdrawal of external regulation control as the training proceeds (see 
also Reeve, Palmcsar & Brown, 1987, Brown, Collins & Duguid, 1989, Simons 
& Klüvers, 1994) 
De Jong's (1992) С A I programmes, which were embedded in regular reading 
courses (primary, secondary, and special education), were typified by "fading" 
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of external control as well Supported by regulation questions and hints 
provided by the computer, students had to regulate their own learning 
processes, based upon knowledge of regulation activities (see also Biemans, 
1989) The regulation questions were derived from the regulation hints These 
regulation hints (the "What', "How", and "Why" parts of the regulation 
heuristic) contained information about what was meant by a particular learning 
activity, about ways to perform this activity, and about the reasons why it was 
important to do so ("informed training") Paris, Newman, and McVey (1982) 
had shown that "informed training' leads to more adequate strategy use and to 
higher learning performance than "blind training" 
During the first part of the training, the programmes provided regulation 
questions and hints and checked at regular times whether the students were 
using the regulation heuristic These interventions were "faded" during the 
second part of the training the frequency of their occurrence decreased as the 
training continued (see De Jong, 1992) Finally, regulation questions and hints 
were no longer provided. The training had positive effects on learning activities 
and learning performance of students from secondary schools For students 
from primary schools and learning-disabled students, however, effects of the 
training were poor (see De Jong, 1992) Probably, their cognitive and/or 
reading comprehension level was a crucial explanatory factor (see also Brown & 
Barclay, 1976, Garner, 1988) An additional explanation, especially with 
respect to learning-disabled students, could be that the training did not take 
into account affective, volitional, and motivational factors impeding active, 
adequate learning (see Corno, 1988) 
De Jong's (1992) studies, however, showed that training procedures based 
upon regulation questions and hints can be successful in terms of students' 
learning activities and learning performance Comparable findings had been 
reported by other researchers such as Salomon (1988), Wade and Trathen 
(1989), and Van Deursen (1991) embedding regulation questions and hints in 
instructional strategies can enhance the adequacy of students' strategy use and 
lead to better learning results Moreover, these studies had also shown that 
computer-assisted instructional strategies can be used to train self-regulation 
knowledge and skills (see also De Klerk & Verschaffel, 1990) 
In a previous study (see for more details Biemans & Simons, 1992), the effects 
of regulation questions and hints on students' (second graders, lower 
vocational education) learning activities and learning performance were 
examined as well In this study, the training was aimed at learning to use a 
word processor Regulation questions and hints were embedded in a concurrent 
С A I programme, which provided content help on word-processing as well 
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the instructional shell WP DAGOGUE controlled the interaction between student 
and word processor The 3 instructional conditions varied with respect to the 
degree in which the learning function "regulating learning" was fulfilled by the 
instructional shell (see also Shuell, 1988, Simons, 1991) 1) content help plus 
regulation questions plus regulation hints, 2) content help plus regulation 
questions, and 3) content help only All regulation questions and hints 
corresponded to a particular part of the training heuristic (see also Biemans 
1989) and were aimed at planning, testing, monitoring, and evaluating (see also 
De Jong & Simons, 1990) 
The combination of regulation questions and corresponding regulation hints 
(condition 1) appeared to lead to higher learning performance after the training 
than the other 2 instructional conditions (see Biemans & Simons, 1992) 
Therefore, the conclusion seems to be justified that regulation questions and 
hints can serve as instructional aids to enhance the quality of learning and 
understanding This study also showed that embedding regulation questions 
and hints in the learning environment can enhance learning performance not 
only in reading (as shown in the studies mentioned above) but also in other 
domains (in this case word processing) Embedding regulation questions only 
(condition 2), however, did not result in higher learning performance adding 
regulation hints (as in condition 1) was necessary to achieve this In other 
words, students did not seem to be able (yet) to perform the corresponding 
learning activities without these activities being initiated through regulation 
hints Apparently, embedding both regulation questions and regulation hints 
resulted in "constructive frictions", posing regulation questions only, on the 
other hand, seemed to result in "destructive frictions" (see Vermunt, 1992) 
This study, however, also showed that students from the condition "Content 
help plus regulation questions plus regulation hints", which was characterized 
by the highest degree of external control, reported an increased dependence on 
external control hints (see Biemans & Simons, 1992) In other words, more 
extensive regulation help appeared to lead to higher learning performance but 
also to higher dependence on external support 
As mentioned above, high dependence on external support can be an 
undesirable side effect of an (any) instructional strategy in the longer term 
without external help, students may not be able to initiate and perform the 
particular learning activities themselves and, thus, to achieve the learning goals 
(see also Vermunt, 1992) Therefore, one could argue that the ultimate goal of 
instruction should be to teach students how to initiate and perform learning 
activities themselves (see also Jonassen, 1991) independence of external 
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control is a core characteristic of self regulated learning (see also Simons, 
1991, Vermunt, 1992) 
6 2 RESEARCH QUESTIONS AND HYPOTHESES 
In the present study, the question was addressed which instructional conditions 
are required to teach students how they themselves can activate their prior 
knowledge and how they can initiate and perform learning activities aimed at 
conceptual change In other words, how can instructional systems teach 
students how to use their correct or partially correct prior knowledge without 
creating interference and, simultaneously, how to deal with incorrect (ι e not in 
accordance with generally accepted scientific views) or partially incorrect prior 
knowledge, which tends to resist change? 
As mentioned above, gradually transferring the responsibility for learning 
processes from the learning environment to the learner ("fading") seems to be 
an adequate approach to promote self regulated learning (see also Reeve, 
Palincsar & Brown, 1987, Brown, Collins & Duguid, 1989, De Jong, 1992, 
Simons & Klüvers, 1994) Therefore, in this study, the following general 
hypothesis with respect to training procedures aimed at promoting self-
regulated learning was examined (see also Biemans & Simons, 1992, ρ 335) 
fading (of external control) seems to be a promising approach to reach this goal 
(enhancing self-regulated learning), provided that the fading procedure is based 
upon the student's actual level of self-regulated learning If external support is 
withdrawn without the student being able and prepared to perform the 
corresponding regulation activities, poorer learning performance is inevitable, if 
the fading procedure is tuned to the student's knowledge and skills, however, 
the quality of self-regulated learning and learning performance can be improved 
Therefore, in this study, the CONTACT 2 strategy (see for more details chapter 5) 
served as the starting point for computer assisted "learning-to learn" training 
procedures aimed at teaching students how to perform the various CONTACT 2 
activities themselves or, in other words, at teaching students how to activate 
their own preconceptions and how to construct correct conceptions 
themselves To achieve these learning goals, external control was gradually 
withdrawn as the training went on ("fading") In the first instructional condition, 
strategic support was gradually withdrawn within each instructional step while 
in the second instructional condition the number of steps was reduced as the 
training continued Moreover, students from both experimental "fading" 
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conditions were informed of the learning goals learning how to activate their 
own preconceptions and how to construct correct conceptions themselves As 
mentioned above, Paris, Newman, and McVey (1982) had shown that 
"informed training" leads to more adequate strategy use and to higher learning 
performance than "blind training" (see also De Jong 1992) Thus, with respect 
to learning to learn training procedures, informing students of the learning goals 
seems to be a necessary condition 
In the present study, the CONTACT 2 strategy, which had been designed as part 
of the previous study (see for more details chapter 5), served as control 
condition To be able to compare the empirical results across studies, the 
CONTACT 2 conditions from both studies were identical external control was not 
withdrawn as the training continued and students were not informed of 
learning to learn training goals (as described in chapter 5, the CONTACT 2 
strategy was aimed at promoting prior-knowledge activation and conceptual 
change at content level and not at enhancing the quality of students' self 
regulated learning, as opposed to the 2 experimental conditions) 
The main goal of the present study was to examine to what extent the learning 
activities corresponding to the various instructional steps can be learned. Again, 
dependent variables concerned quality of students' conceptions, their ability to 
apply these conceptions, and their learning performance (see for more details 
chapters 4 and 5) After the training, students' abilities to initiate and perform 
learning activities aimed at conceptual change were measured in 2 testing 
sessions 
The hypotheses concerning the intervention effects mainly pertained to the 
variables registered during these 2 testing sessions Both "fading" conditions 
were hypothesized to be more effective than the CONTACT 2 control condition, 
which was characterized by a constant, high degree of external control 
because of the gradual withdrawal of external support, the "fading" conditions 
were assumed to prepare students to a higher extent to perform the various 
learning activities themselves Moreover, during the training, these students 
were informed that they had to learn to activate their own prior knowledge and 
to construct correct conceptions without external support Therefore, both 
experimental "fading" conditions were expected to lead to conceptions of a 
higher quality and to higher learning performance than the CONTACT 2 control 
condition (hypothesis 1) 
With respect to the 2 experimental conditions, the first condition ("fading within 
each instructional step") was hypothesized to be more effective than the 
second condition ("fading of the number of steps") reducing the number of 
instructional steps (as in the second condition) was assumed to be too drastic 
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in the time span of the training If external support is withdrawn without the 
student being able (and prepared) to perform the corresponding learning 
activities, "destructive frictions" and poorer learning performance are likely to 
be the result (see also Lohman, 1986, Vermunt, 1992) The first experimental 
condition ("fading within each instructional step"), in which the number of 
instructional steps stays constant but external control is reduced within each 
step, was expected to be better tuned to the student's actual level of self-
regulated learning (see also Biemans & Simons, 1992) Therefore, this "fading" 
condition was assumed to result in "constructive frictions" and higher learning 
performance (hypothesis 2) (see also Lohman, 1986, Vermunt, 1992) 
In both experimental conditions, external control was gradually withdrawn as 
the training went on These "fading' procedures consisted of 4 stages During 
the first stage of the training, maximum support was provided by the 
instructional strategy, while, during the fourth training stage, external control 
was minimal With respect to the training sessions data, the stages of the 
"fading" procedures were assumed to affect the quality of the students' 
conceptions, their ability to apply these conceptions, and their learning 
performance In other words, differences between the various instructional 
conditions were hypothesized to depend on the stages of the training. Again, 
the first experimental condition "fading within each instructional step" was 
expected to be more effective and efficient than the other experimental 
condition "fading of the number of steps" and the CONTACT 2 control condition 
As reducing the number of instructional steps (as in the second condition) was 
assumed to be too drastic in the time span of the training, differences between 
both experimental conditions were hypothesized to increase during the training 
(hypothesis 3) (see also Lohman, 1986, Vermunt, 1992) 
In the previous study (see for more details chapter 5), no significant interaction 
effects (concerning the quality of students' final conceptions and their learning 
performance) were found between the instructional condition and the degree of 
students' familiarity with the central concepts of the training texts Therefore, 
the factor familiarity was not included in the design of the present study For 
the same reason, learning performance test questions were not classified as 
directly related to the central concepts of the corresponding training text or as 
less directly related 
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6.3 METHOD 
6.3.1 Subjects 
Subjects were 65 students (10 to 13 years old) attending 3 different classes of 
2 primary schools (30 fifth and 35 sixth graders) After being matched based 
upon their reading comprehension level as judged by their teacher (high, 
average, or low) and their grade (5 or 6), Ss were assigned to the 3 
instructional conditions at random 
6.3 2 Training and instructional conditions 
Subjects were assigned to 3 instructional conditions the experimental condition 
"fading within each instructional step' (N=21) , the experimental condition 
"fading of the number of steps" (N = 22) and the CONTACT 2 control condition 
(N=22) The CONTACT 2 condition was identical to the condition of the same 
name used in the previous study (see for more details chapter 5) 
With respect to all CONTACT 2 steps, strategic support in "How" and "Why" 
parts is provided These "How" and "Why" parts include regulation questions 
(to be answered by the students to regulate their own learning activities aimed 
at prior knowledge activation and conceptual change) and regulation hints (see 
also Biemans, 1989, De Jong, 1992, Biemans & Simons, 1992) the "How" 
parts contain information about how that particular step can be realized and, in 
the "Why" parts, the relevance of the particular step is explained When 
students are executing a particular step, the corresponding "How" and "Why" 
parts are optional During the first sequence of steps, however, the so called 
monitoring question "Do you understand what to do during this step7" is 
always posed before the students can execute the particular step In case of a 
negative answer, students have to study the corresponding "How" parts before 
executing the step In case of an affirmative answer, students can execute the 
step immediately 
In the CONTACT 2 control condition, external control through regulation 
questions, regulation hints, and monitoring questions was not "faded" 
throughout the training (see also section 6 2) In the 2 experimental conditions, 
however, external control was gradually withdrawn as the training went on 
These "fading" procedures consisted of 4 stages (see also section 6 2) 
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The "fading" procedure in the first experimental condition "fading within each 
instructional step" ran as follows 
at the beginning of the training, students were supported by the 
complete CONTACT 2 strategy (stage 1 introduction session and first 
training session) 
during the next 2 sessions, students were only supported by regulation 
questions and regulation hints (the "How" and "Why" parts) monitoring 
questions ("Do you understand what to do during this step7") were 
omitted (stage 2 second and third training session), 
during the next 2 sessions, students were only supported by regulation 
questions regulation hints were omitted as well (stage 3 fourth and fifth 
training session), 
during the last 2 training sessions, regulation questions were "faded" as 
well students had to perform the various CONTACT 2 steps without 
strategic support (stage 4 sixth and seventh training session) 
In the second experimental condition "fading of the number of steps", the 
following "fading" procedure was used 
at the beginning of the training, students were supported by the 
complete CONTACT 2 strategy (stage 1 introduction session and first 
training session), 
during the next 2 sessions, students were supported by the 5 CONTACT 2 
steps without the feedback loop (stage 2 second and third training 
session), 
during the next 2 sessions, students were supported by the first 3 
CONTACT 2 steps the steps "apply the new conception" and "evaluate the 
new conception" were omitted as well (stage 3 fourth and fifth training 
session), 
during the last 2 training sessions, only the first CONTACT 2 step "search 
for own preconception" was presented the steps "compare and contrast 
the preconception with the new information" and "formulate a new 
conception" were omitted as well (stage 4 sixth and seventh training 
session) 
6 3 3 Design and testing materials 
In the experimental design, the factor Instruction was used as between subjects 
factor The factor Instruction had 3 levels the experimental condition "fading 
within each instructional step" (condition 1), the experimental condition "fading 
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of the number of steps" (condition 2), and the CONTACT 2 control condition 
(condition 3) (see also section 6 3 2) 
As mentioned in section 6 2, students' abilities to initiate and perform learning 
activities aimed at conceptual change were measured in 2 testing sessions after 
the training During the first testing session, students had to perform the 
various CONTACT 2 activities without the support of regulation questions, 
regulation hints, and monitoring questions in this case, the CONTACT 2 steps 
were presented without additional help (see also section 6 3 2) During the 
second testing session, students' conceptions were only activated before and 
after studying the text through the idea question in this case students had to 
initiate the various CONTACT 2 activities themselves (the CONTACT 2 steps were 
not presented) 
The first 2 hypotheses concerning the intervention effects (see also section 6 2) 
pertained to the variables registered as part of these testing sessions for both 
testing sessions, these dependent variables concerned 1) quality of students' 
conceptions at the beginning and at the end of each session, 2) quality of 
students' conceptions after the session and their ability to apply these 
conceptions, and 3) students' learning performance (see for more details 
chapters 4 and 5) 
The effects of the training on the quality of students' conceptions were 
measured through the idea question from the particular session students had to 
state their conception both at the beginning and at the end of each testing 
session 
The quality of students' conceptions and their ability to apply these conceptions 
were also measured after each testing session Immediately after each session, 
students answered the particular idea question Moreover, they answered the 2 
practice questions from the particular session The same questions were posed 
after 2 weeks 
The training effects on students' learning performance were measured through 
a computer based post test, which was administered after each testing session 
Each post-test consisted of 9 questions (with 4 answer alternatives) dealing 
with concepts and relations between concepts of the particular text 
The third hypothesis concerning the intervention effects pertained to the data 
registered as part of the various training sessions with respect to the training 
sessions data, the stages of the "fading" procedures were assumed to affect 
the quality of the students' conceptions, their ability to apply these 
conceptions, and their learning performance (see also section 6 2) These 
variables were measured in a similar way as the dependent variables registered 
as part of the 2 testing sessions Students' learning performance, however, 
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was measured both through a post test, which was administered immediately 
after the corresponding training session, and through a retention test, which 
was delivered 2 weeks after the final training session 
6 3.4 Procedure 
The procedure of this experiment was comparable to the procedure of the 
previous studies (see for more details chapters 4 and 5) The procedure is 
depicted in Figure 1 
Session 1 Introduction session 
Session 2 8 Training session + post test + 
idea question and practice questions 
Session Э Testing session A + post test + 
idea question and practice questions 
Session 10 Testing session В + post test + 
idea question and practice questions 
Session 11 Retention test + 
idea questions and practice questions 
Figure 1 Procedure of the present study 
6.3 5 Data analysis 
To test the first 2 hypotheses (see also section 6 2), 3 ANOVA's with the 
between subjects factor Instruction were carried out for each of the 2 testing 
sessions (testing session A and testing session B) Before carrying out the 
analyses mean scores were calculated by dividing the sum scores by the 
number of questions The first ANOVA concerned the quality of students' 
conceptions at the beginning and at the end of each session Here, the factor 
Session Time was introduced as within subjects factor (see Table 1) The 
second ANOVA concerned the quality of students' conceptions after the 
session and their ability to apply these conceptions In this analysis, the factor 
Testing Time was used as within subjects factor (see also Table 1) Finally, in 
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the third ANOVA, students' learning performance was used as dependent 
variable (see also Table 1 ) 
Dependent 
variable 
Conceptions 
during session 
Within subjects 
factor 
Session Time 
Levels 
Preconception 
Final conception 
Conceptions 
after session + Testing Time Immediately after session 
ability to apply After 2 weeks 
Learning 
performance 
Table 1 Dependent variables, withm-subjects factors, and their levels with 
respect to the testing sessions data 
To test the third hypothesis (see also section 6 2), 3 repeated measurement 
ANOVA's were carried out on the training sessions data (see Table 2) Before 
carrying out the analyses, mean scores were calculated for each of the 4 
"fading" stages of the training by dividing the sum scores by the number of 
questions 
To explore the training effects on the quality of the students' conceptions 
during the 7 training sessions, a repeated measurement ANOVA with the 
between subjects factor Instruction and the 2 withm-subjects factors Training 
Time and Training Stage was carried out (see Table 2) To examine whether the 
training affected the quality of the students' conceptions after the 7 training 
sessions and their ability to apply these conceptions, a repeated measurement 
ANOVA with the between subjects factor Instruction and the 2 within subjects 
factors Training Stage and Testing Time was carried out (see also Table 2) 
Finally, to determine the training effects on the students' learning performance 
after the 7 training sessions, a repeated measurement ANOVA with the 
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between subjects factor Instruction and the 2 within subjects factors Training 
Stage and Testing Time was carried out (see also Table 2) 
Dependent 
variable 
Within-subjects 
factors 
Levels 
Conceptions 
during training 
Training Time 
Training Stage 
Preconception 
Final conception 
Stage 1 
Stage 2 
Stage 3 
Stage 4 
Conceptions 
after training + 
ability to apply 
Training Stage 
Testing Time 
Stage 1 
Stage 2 
Stage 3 
Stage 4 
Immediately after trainine 
After 2 weeks 
Learning 
performance 
Training Stage 
Testing Time 
Stage 1 
Stage 2 
Stage 3 
Stage 4 
Post test 
Retention test 
Table 2 Dependent variables, within subjects factors, and their levels with 
respect to the training sessions data 
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6.4 RESULTS 
To be able to test the first 2 hypotheses (see also section 6.2), 2 testing 
sessions were included in the present study In both testing sessions, the 
following dependent variables were measured: quality of the students' 
conceptions during the session, quality of the students' conceptions after the 
session and their ability to apply these conceptions, and their learning 
performance (see also section 6.3.3) First, the results of testing session A will 
be reported, followed by the results of session B. 
6.4.1 Testing session A 
During the first testing session (testing session A), students had to perform the 
various CONTACTS activities without the support of regulation questions, 
regulation hints, and monitoring questions. 
6.4.1.1 Conceptions during the session 
In this ANOVA, the main effect of the factor Instruction (F(2,62) = .30; ρ = .74) 
was not significant. The interaction effect between Instruction and Session 
Time (F(2,62) = 3 . 1 4 ; p<..05), however, turned out to be significant. This 
interaction effect was not significant for the conditions 1 and 3 (t = 1.35, 
p = .18) and the conditions 2 and 3 (t = 1.17; p = .25) (see hypothesis 1). With 
respect to the conditions 1 and 2, however, the interaction effect between 
Instruction and Session Time was significant (see hypothesis 2): no differences 
were found between both conditions with respect to the quality of students' 
preconceptions; students from condition 1, however, had final conceptions of a 
higher quality than students from condition 2 (t = 2.50; p£.05) (see Figure 2a). 
6.4.1.2 Conceptions after the session and ability to apply these 
conceptions 
In this analysis, the mam effect of the factor Instruction (F(2,62) = 3 . 2 6 ; p- 05) 
was significant Differences between conditions 1 and 3 (t = 1.62; p = .11) and 
conditions 2 and 3 (t = .92, ρ = .36) again were not significant (see hypothesis 
92 
1). Students from condition 1, however, had higher scores on the idea and 
practice questions than students from condition 2 (t = 2.53; p<.01) (see 
hypothesis 2) (see Figure 2b). The interaction effect between Instruction and 
Testing Time (F(2,62) = .40; p = .67) was not significant. ,,
Figure 2a Mean scores for the 3 instructional conditions w ith respect to the 
quality of students' preconceptions and final conceptions (testing 
session A)
6.4 .1 .3  Learning performance
W ith respect to testing session A, the effect of the factor Instruction 
(F(2,62) = .41; p = .67) on students' learning performance was not significant: 
no differences were found between condition 1 (M = .45; Sd = .22), condition 2 
(M = .46; Sd = .16), and condition 3 (M = .41; Sd = .21) (see hypotheses 1 and
2 ).
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Figure 2b Mean scores for the 3 instructional conditions w ith respect to the 
quality of students' conceptions after the session and their ability 
to apply these conceptions (testing session A)
6.4 .2  Testing session B
During the second testing session (testing session B), students' conceptions 
were only activated before and after studying the text: in this case, students 
had to initiate the c o n t a c t -2 activities themselves.
6.4.2.1 Conceptions during the session
With respect to testing session B, the main effect of the factor Instruction 
(F(2,62) = 4 .7 4 ; p<.01) was significant. Students from condition 1 had 
conceptions of a higher quality than students from condition 3 (t =  3.08; 
p<.005) (see hypothesis 1) (see Figure 3a). Differences between conditions 1 
and 2 (t =  1.59; p = . 12) (see hypothesis 2) and conditions 2 and 3 (t =  1.51;
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p = .14) (see hypothesis 1) were not significant. The interaction effect between 
Instruction and Session Time (F(2,62) = 1.16; p = .32) was not significant either.
Figure 3a Mean scores for the 3 instructional conditions w ith respect to the
$quality of students' preconceptions and final conceptions (testing 
session B)
6 .4 .2 .2  Conceptions after the session and ability to apply these 
conceptions
The main effect of the factor Instruction (F(2,62) = 2 .1 9 ; p —. 12) was not 
significant: no significant differences could be determined between the various 
instructional conditions (see Figure 3b) (see hypotheses 1 and 2). The 
interaction effect between Instruction and Testing Time (F(2,62) = 1.47; p = .24) 
was not significant either.
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Figure 3b Mean scores for the 3 instructional conditions w ith respect to the 
quality of students' conceptions after the session and their ability 
to apply these conceptions (testing session B)
6.4 .2 .3  Learning performance
The effect of the factor Instruction (F(2,62) = 3 .3 6 ; p<.05) on learning 
performance was significant. Students from condition 1 (M = .49; Sd = .23) had 
higher learning performance scores than students from condition 3 (M = .36; 
Sd = .15) (t =  2.07; p<.05) (see hypothesis 1). The same held for students from 
condition 2 (M = .51; Sd = .25) (t = 2.38; p<.05) (see hypothesis 1). The 
difference between conditions 1 and 2 (t =  .28; p = .78) was not significant (see 
hypothesis 2).
6.4.3 Training sessions
To be able to test the third hypothesis (see also section 6.2), the training 
sessions data were analyzed. As part of the 7 training sessions, the following 
dependent variables were measured: quality of the students’ conceptions during
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the session, quality of the students' conceptions after the session and their 
ability to apply these conceptions, and their learning performance (see also 
section 6.3.3).
e*
6.4.3.1 Conceptions du ring the training session s
In this ANOVA, the main effect of the factor Instruction (F(2,62) = 1.02; 
p = .37) and the interaction effect between Instruction and Training Stage 
(F(6,118) = 1.75; p = .12) were not significant. The interaction effect between 
Instruction and Training Time (F(2,62) = 4 .31 ; p<.05), on the other hand, was 
significant. The interaction effect between Instruction, Training Time, and 
Training Stage (F(6,118) = 3 .90 ; p<.001), however, was significant as well. 
With respect to the quality of students' preconceptions, no differences between 
the various instructional conditions were found (see Figure 4a).
Figure 4a Mean scores for the 3 instructional conditions w ith respect to the 
quality of students' preconceptions (training sessions)
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Concerning the quality o f the students' final conceptions, however, such 
differences could be determined, depending on the training stage: the stage of 
the "fading" procedures affected the quality of the students' final conceptions. 
During the first stage of the training, condition 2 led to final conceptions of a 
higher quality than the other 2 conditions. During the next stages, however, 
condition 1 led to the best final conceptions. The quality of the final 
conceptions of the students from condition 2 decreased dramatically as the 
training went on (see Figure 4b).
Figure 4b Mean scores for the 3 instructional conditions w ith  respect to the 
quality of students' final conceptions (training sessions)
6 .4 .3 .2  Conceptions after the training sessions and ability to appiy these 
conceptions
In th is analysis, the main effect of the factor Instruction (F(2,62) = 1.81; 
p = .17) was not significant. The interaction effect between Instruction and 
Training Stage (F(6,118) =  2.44; p<.05), however, turned out to be significant. 
During the first half of the training, conditions 1 and 2 led to higher scores on 
the idea and practice questions than condition 3. During the second half of the
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training, however, scores of the students from the 3 conditions became ever 
more comparable (see Figure 5). Both the interaction effect between Instruction 
and Testing Time (F(2,62) = .22; p = .80) and the interaction effect between 
Instruction, Training Stage, and Testing Time (F(6,118) = .98; p = .4 |)  were not 
significant. Thus, the relation between instructional condition and training stage 
was found both at post-test time and at retention time.
Figure 5 Mean scores for the 3 instructional conditions w ith respect to the 
quality of students' conceptions after the sessions and their ability 
to apply these conceptions (training sessions)
6.4 .3 .3  Learning performance after the training sessions
In this ANOVA, the main effect of the factor Instruction (F(2,62) = 1.96; 
p = .15) was not significant. The interaction effect between Instruction and 
Training Stage (F(6,118) =3 .89 ; p<.001), however, turned out to be significant 
again. During the firs t half of the training, the conditions 1 and 2 led to higher 
learning performance scores than condition 3 while, during the second half of 
the training, scores of the students from the 3 conditions became ever more
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comparable (see Figure 6). Both the interaction effect between Instruction and 
Testing Time (F(2,62) = .40; p = .67) and the interaction effect between 
Instruction, Training Stage, and Testing Time (F(6,118) = 1.01; p = .42) were 
not significant. Thus, the relation between instructional condition jn d  training 
stage again did not depend on the moment of testing.
Figure 6 Mean scores for the 3 instructional conditions w ith respect to 
students' learning performance (training sessions)
6.5 CONCLUSIONS AND DISCUSSION
In the present study, the question was addressed which instructional conditions 
are required to teach students how they themselves can activate their prior 
knowledge and how they can initiate and perform learning activities aimed at 
conceptual change. Previous studies (e.g. Reeve, Palincsar & Brown, 1987; 
Brown, Collins & Duguid, 1989; De Jong, 1992; Simons & Kluvers, 1994) 
showed that a gradual transfer of the responsibility for learning processes from
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the learning environment to the learner ( ' fading" of external control) can be an 
adequate approach to promote self regulated learning 
Therefore, in this study, several hypotheses were tested (as mentioned in 
section 6 2, the hypotheses concerning the effects of the training mainly 
pertained to the variables registered during the 2 testing sessions) First, both 
experimental "fading" conditions were hypothesized to be more effective than 
the CONTACT 2 control condition Second, concerning the 2 experimental 
conditions, the first condition ("fading within each instructional step") was 
assumed to be more effective than the second condition ("fading of the number 
of steps') In other words both "fading' conditions were assumed to lead to 
conceptions of a higher quality and to higher learning performance than the 
CONTACT 2 control condition Moreover, the condition "fading within each 
instructional step" was hypothesized to be better tuned to the students' actual 
level of self-regulated learning than the condition "fading of the number of 
steps" the condition ' fading of the number of steps" was expected to result in 
"destructive frictions" and, thus, in conceptions of a lower quality and in lower 
learning performance (see also Lohman, 1986, Vermunt 1992) 
During the first testing session, students had to perform the various CONTACT 2 
activities without the support of regulation questions, regulation hints, and 
monitoring questions During the last 2 training sessions for students from the 
condition "fading within each instructional step", regulation questions, 
regulation hints, and monitoring questions had been faded as well Thus, for 
them, the degree (and kind) of external control in the last 2 training sessions 
and in the first testing session were comparable students had to rely on 
themselves to the same extent 
During the last 2 training sessions for students from the condition "fading of 
the number of steps", however, only the first step "searching for 
preconceptions" was presented Therefore, for these students, the degree (and 
kind) of external control in the first testing session did not match Apparently, 
this resulted in 'destructive frictions" and, thus, in conceptions of a lower 
quality as compared with the condition "fading within each instructional step" 
Students from the condition "fading within each instructional step", on the 
other hand, seemed to be better prepared to perform learning activities aimed at 
conceptual change under these circumstances they had final conceptions of a 
higher quality and were more successful in applying these conceptions The 
test scores of the students from the CONTACT 2 control condition were also 
lower than the scores of the students from the experimental condition "fading 
within each instructional step" but these differences were not significant 
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With the second testing session, however, students from the condition "fading 
within each instructional step" had conceptions of a significantly higher quality 
than students from the CONTACT 2 control condition and they had significantly 
higher learning performance scores During this testing session, students' 
conceptions were only activated before and after studying the text in this 
case, students had to initiate the CONTACT 2 activities themselves, without 
external support 
Students from the condition "fading within each instructional step" seemed to 
be better prepared for this than students from the CONTACT 2 control condition 
This could be explained by the fact that the CONTACT 2 condition had been 
characterized by a constant, high degree of external control Because of this, 
these students did not seem to be able to initiate and perform the various 
CONTACT 2 activities themselves they were not trained to do so Students from 
the condition "fading within each instructional step", on the other hand, 
seemed to be able to regulate their own learning aimed at conceptual change 
because external control had been gradually "faded" during the training 
Students from the other experimental condition "fading of the number of steps" 
also had higher learning performance scores than students from the CONTACT 2 
control condition, for them, external control had been "faded" during the 
training as well So, because of these "fading" procedures, both experimental 
conditions seemed to be more effective than the original CONTACT 2 strategy in 
enhancing students' ability to initiate and perform learning activities aimed at 
conceptual change 
Furthermore, with respect to the training itself, differences between the various 
instructional conditions were hypothesized to depend on the stages of the 
training Again, the first experimental condition was expected to be more 
effective and efficient than the second experimental condition and the CONTACT 
2 control condition As reducing the number of instructional steps (as in the 
second condition) was assumed to be too drastic in the time span of the 
training, differences between both experimental conditions were hypothesized 
to increase during the training (hypothesis 3) 
This hypothesis was partly confirmed by the training sessions data During the 
first stage of the training, the condition "fading of the number of steps" led to 
final conceptions of a higher quality than the other 2 conditions During the 
next training stages, however, the condition "fading within each instructional 
step" led to the best final conceptions The quality of the final conceptions of 
the students from the condition ' fading of the number of steps" decreased 
dramatically as the training went on Thus, in this respect, the condition "fading 
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within each instructional step" was more effective than the CONTACT 2 control 
condition and the condition "fading of the number of steps" 
Apparently, reducing the number of instructional steps (as in the condition 
"fading of the number of steps") is indeed too drastic this "fading" procedure 
seems to result in 'destructive frictions" leading to conceptions of a lower 
quality (see also Lohman, 1986, Vermunt, 1992) Therefore, external support 
should not be withdrawn until the students are able (and prepared) to perform 
the corresponding learning activities themselves In this respect, the other 
experimental condition "fading within each instructional step", in which the 
number of instructional steps stays constant but external control is reduced 
within each step, appears to be better tuned to the students' actual level of 
self regulated learning (see also Biemans & Simons, 1992) this "fading" 
condition seems to result in "constructive frictions" and, thus, in conceptions of 
a higher quality 
With respect to the quality of the students' conceptions after the 7 training 
sessions and their ability to apply these conceptions, both "fading" conditions 
led to higher scores than the CONTACT 2 control condition during the first half of 
the training Probably, this was caused by motivational factors (see also 
Pmtrich, Marx & Boyle, 1993) students from both experimental conditions had 
been informed that they had to learn to activate their own prior knowledge and 
to construct correct conceptions without external support or, in other words, to 
learn in an active way During the second half of the training, scores of the 
students from the 3 conditions became ever more comparable The same 
pattern could be traced with respect to the students' learning performance At 
this point, however, it should be noted that students from both "fading" 
conditions received less external help than students from the CONTACT 2 control 
condition during the final stages of the training but were nevertheless able to 
achieve comparable learning results This should be considered a positive 
training effect as well Moreover, students from both "fading" conditions spent 
less time during the second half of the training than students from the CONTACT 
2 condition 
To conclude, the results of the present study were in line with the general 
hypothesis concerning learning to learn training procedures formulated in 
section 6 2 (see also Biemans & Simons, 1992) "Fading" of external control 
(see also Reeve, Palincsar & Brown, 1987) seems to be a fruitful instructional 
approach to teach students how to initiate and perform learning activities aimed 
at prior-knowledge activation and conceptual change, provided that the 
' fad ing ' procedure is based upon the student's actual level of self regulated 
learning In this way, "constructive frictions" (see Vermunt, 1992) can be 
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created and the quality of self-regulated learning as well as learning 
performance can be improved In the present study, the experimental condition 
"fading within each instructional step" was most effective in most learning 
situations (varying with respect to the degree of external control being 
provided): this condition appeared to lead to the highest degree of cognitive 
flexibility 
In other words, with respect to learning-to-learn training procedures aimed at 
conceptual change, a learning environment characterized by a rather high 
degree of external control seems to be most appropriate to start with. External 
control should not be withdrawn until students are able (and prepared) to 
initiate and perform the learning activities required: if the degree (or the kind) of 
external support is not adequate to serve the student's needs, "destructive 
fr ict ions" and poorer learning performance are likely to be the result (see also 
Lohman, 1986) When these conditions are met, however, designing effective 
training procedures aimed at "learning for conceptual change" seems to be 
possible 
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7 STUDY 4: 
DIFFERENCES BETWEEN SUCCESSFUL AND LESS 
SUCCESSFUL STUDENTS WHILE WORKING WITH 
THE CONTACT-2 STRATEGY1 
7 1 INTRODUCTION 
The second study (see also chapter 5) showed that the CONTACT 2 strategy was 
more effective as a process-oriented instructional strategy aimed at supporting 
processes of prior knowledge activation and conceptual change than the 
original CONTACT strategy and the control condition NO ACTIVATION the 
adaptations of the original CONTACT strategy resulted in increased effectiveness, 
efficiency, and flexibility of the strategy and in an adequate solution to the 
problem of selective attention This second study, however, did not answer the 
question which cognitive learning activities students should perform to work 
effectively with the CONTACT 2 strategy Therefore, an additional study was 
designed to explore the quantitative and qualitative differences in cognitive 
learning activities between students who are successful in studying texts while 
being supported by the CONTACT 2 strategy and students who are less 
successful in this respect To discover which cognitive learning activities are 
being performed by the students while working with the CONTACT 2 strategy, the 
so called thinking-aloud method was used in the present study 
During the last few decades, verbal data have frequently been used in 
psychological and educational studies to discover the mechanisms of thinking in 
general and of cognitive learning processes in particular According to Ericsson 
and Simon (1993), thinking processes can be described as a sequence of 
stages each thinking stage includes the products of particular cognitive 
processes, e g information retrieved from the long term memory or knowledge 
constructed through inference A possible research method to study (the 
products of) such cognitive processes is the thinking aloud method, which is 
based upon verbal data 
1 The original version of this chapter was submitted as 
Biemans H J A Deel OR & Simons Ρ R J (under review) Differences between 
successful and less successful students while working wi th the CONTACT 2 
strategy Learning and Instruction 
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In our daily life, thinking aloud is a common activity: often, people express their 
thoughts aloud to others. Other people can only deduce our thoughts through 
our (verbal) reports or, indirectly, through observation of our behaviour. In 
school, students have to express their thoughts quite frequently as well, e.g. by 
demonstrating a particular problem-solving method aloud. Thinking aloud, 
however, is more than speaking aloud. In this respect, Breuker et al. (1986) 
stated that a person is thinking aloud when s/he is verbalizing his/her thoughts 
continuously while thinking about a particular problem. These verbalized 
thoughts constitute a so-called thinking-aloud protocol. Such thinking-aloud 
protocols can be analyzed afterwards to explore the cognitive learning activities 
performed by the student while doing the presented learning task. 
The use of thinking aloud as a research method to collect information about 
thinking processes stems from the 1920s (see Watson, 1920; Duncker, 1926). 
Since this period, however, the thinking-aloud method has faced criticism as 
well. According to its opponents, thinking aloud should be considered to be a 
form of introspection: using the thinking-aloud method does not result in 
observable behavioural data. Moreover, thinking aloud has been claimed to 
affect the thinking process itself, because of which the resulting data have 
been considered to be unreliable (see Lashley, 1923; Nisbett & Wilson, 1977). 
According to Duncker (1945), however, thinking aloud and introspection are 
different methods by nature: while introspection is characterized by subjective 
analysis of one's own thinking, thinking aloud is typified by direct, simultaneous 
("on-line") expression of one's own thinking while performing a particular task 
(the direct verbal method, as opposed to the retrospective verbal method - see 
Ericsson & Simon, 1993). Nowadays, the thinking-aloud method is broadly 
accepted as a valid and reliable research method to trace people's cognitive 
processes while they are performing specific tasks (see Anderson, 1987; 
Norris, 1991; De Jong, 1992). 
With respect to these learning tasks, the thinking-aloud method requires that 
they are not too easy for the students to perform: the learning tasks should 
force students to think and to solve problems so that their thinking-aloud 
protocols really provide information about their thinking processes (Ericsson & 
Simon, 1993). To avoid a memory overload, the learning tasks should not be 
too difficult either. Additionally, memory overload phenomena can be prevented 
from occurring by instructing students to verbalize their thinking "on-line" and 
by absence of time limits. In this way, thinking aloud "on-line" can reveal the 
students' thinking processes without changing these processes (as opposed to 
retrospective methods). 
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The thinking aloud method requires that students verbalize their thoughts while 
performing a learning task In this respect, individual differences in verbal 
abilities can play an important role (see Elshout, 1976) The influence of such 
individual differences, however, can be reduced by training students to think 
aloud (see also De Jong, 1992) Both during the thinking aloud training and 
during performance of the actual learning tasks, students should only receive 
procedural, non directive support the experimenter should encourage, 
stimulate, and support students to think aloud but s/he should not provide any 
help with respect to the learning content 
7.2 RESEARCH QUESTIONS AND HYPOTHESES 
In the present study, the thinking aloud method (as described in section 7 1) 
was used to discover which cognitive learning activities are being performed by 
the students while working with the CONTACT 2 strategy In other words, this 
study was aimed at exploring the ways in which students perform the various 
instructional steps while working with the CONTACT 2 strategy The central 
research question of the present study was which (quantitative and qualitative) 
differences in cognitive learning activities exist between students who are 
successful in studying texts while being supported by the CONTACT 2 strategy 
and students who are less successful in this respect Therefore, after the 
training, students were assigned to one of two groups ("successful students" 
or "less successful students"), based upon their learning performance Two 
hypotheses were formulated 
1) Successful students achieve better learning results with respect to the 
various CONTACT 2 steps than less successful students, 
2) Successful students perform the various CONTACT 2 steps in a better way 
than less successful students 
In other words, dependent variables concerned the students' learning results 
with respect to the various CONTACT 2 steps and their ways of performing these 
steps 
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7 3 METHOD 
7 3.1 Subjects 
Subjects were 10 fifth and sixth graders from a primary school (10 to 13 years 
old) These students had been selected on the basis of their reading 
comprehension level as judged by their teacher (high, average, or low) and their 
grade (5 or 6) from both grade 5 and 6, 5 students participated in the study (2 
students of high reading comprehension level, 2 students of low reading 
comprehension level, and 1 student of average reading comprehension level) 
All Ss were assigned to the same instructional condition the CONTACT 2 
condition (see for more details chapters 5 and 6) 
7 3.2 Design and materials 
In the present study, the same training lessons were used as in the second 
study (see also chapter 5) In this case, however, Ss only studied the 
introduction lesson and the first 4 (instead of 7) training lessons During these 
lessons, they were supported by the various steps of the CONTACT 2 strategy At 
the end of each training session, Ss made the corresponding learning 
performance post test (see also section 5 3 3) After the training, Ss were 
assigned to one of the following 2 groups, based upon their learning 
performance (see also Table 1 ) 
1 ) successful students, 
2) less successful students 
As mentioned in section 7 2, dependent variables concerned the students' 
learning results with respect to the various CONTACT 2 steps and their ways of 
performing these steps During the training sessions, students had to read all 
textual material (training texts and strategic information) aloud Moreover, they 
had to verbalize all their thoughts, both while reading text and while performing 
the various CONTACT 2 steps The students' verbalizations were recorded on 
tape and analyzed together with the students' answers on their worksheets 
(see chapters 3, 4, 5, and 6) if the student's worksheet did not provide 
enough information to score his/her learning result with respect to a particular 
CONTACT 2 step or his/her way of performing this step, the corresponding 
fragment of the thinking aloud protocol was analyzed 
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Group M Sd Ν 
Successful 32 67 3 01 6 
students 
Less successful 20 25 3 86 4 
students 
Table 1 Mean score, standard deviation, and N of Ss for the 2 groups 
of students (successful and less successful students) on the 4 
learning performance tests 
For each CONTACT 2 step, 2 aspects of the students' learning processes were 
analyzed following a coding scheme, which had been designed as part of the 
present study 
1) the students' learning results with respect to the various CONTACT 2 
steps, 
2) the students' ways of performing the various steps 
Ad 1) The students' learning results with respect to the various CONTACT2 
steps 
First, for each CONTACT 2 step, the students' learning results were analyzed by 
judging whether the students had performed the various CONTACT 2 steps with a 
good learning result or not The various CONTACT 2 steps were scored as 
follows 
1) searching for own preconceptions 
if the student had selected the correct (ι e scientifically accepted) 
conception, a plus ("+") was scored, in all other cases, a minus (" ") 
was scored 
2) comparing and contrasting these preconceptions with the new 
information 
a plus (" + ") was scored in 2 cases (a the student had selected the 
correct conception and s/he had stated that this conception was in 
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accordance with the text, and b the student had selected an incorrect 
conception and s/he had stated that this conception was not in 
accordance with the text), in the other 2 cases, a minus (" ") was 
scored, 
3) formulating new conceptions 
see step 1, 
4) applying the new conceptions 
if the student had selected the correct answer to the practice question, 
a plus (" +") was scored, in all other cases, a minus (" ") was scored, 
5) evaluating the new conceptions 
a plus (" + ") was scored in 2 cases (a the student had stated that 
his/her new conception was in accordance with his/her answer to the 
practice question and both answers were indeed in accordance with one 
another, and b the student had stated that his/her new conception was 
not in accordance with his/her answer to the practice question and both 
answers were indeed not in accordance with one another), in the other 
2 cases a minus (" ") was scored 
Ad 2) The students' ways of performing the various CONTACT 2 steps 
Next, the way in which the students had performed the various instructional 
steps while working with the CONTACT 2 strategy was analyzed The quality of 
the students' way of performing a particular step was analyzed by judging the 
quality of the students' elaborations on their worksheet and if necessary - by 
judging the corresponding fragment of their thinking aloud protocol For each 
CONTACT 2 step, one of the following 4 qualifications was assigned "C" (correct 
elaboration), "P' (partially correct elaboration), " I " (incorrect elaboration), and 
" M " (missing elaboration) The various CONTACT 2 steps were scored as follows 
1 ) searching for own preconceptions 
the quality of the student's written or spoken argumentation while 
answering the idea question was scored, 
2) comparing and contrasting these preconceptions with the new 
information 
the quality of the student's written or spoken elaboration (ι e 
identified similarities and/or differences) while comparing and 
contrasting his of her preconception with the textual information was 
scored, 
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3) formulating new conceptions 
see step 1, 
4) applying the new conceptions 
the quality of the student's spoken argumentation while answering 
the practice question was scored 
5) evaluating the new conceptions 
the quality of the student's written or spoken elaboration (ι e 
identified similarities and/or differences) while comparing and 
contrasting his of her new conception with his/her answer to the 
practice question was scored 
7 3 3 Procedure 
The procedure of the present study is depicted in Figure 1 (see also sections 
4 3 3, 5 3 4, and 6 3 4) 
During the first session, which lasted for about 30 minutes, individual students 
got a non-computer-based - thinking aloud training (see also section 7 1 ) 
students had to perform 2 problem solving tasks (1 learning task including 
illustrations) and were instructed to think aloud "on line" (see also Deel, 1995) 
During this session, the experimenter provided procedural support with respect 
to thinking aloud 
The other sessions (the introduction session and the 4 training sessions) were 
comparable to the sessions of the previous studies In this study, however, 
students had to read and think aloud while studying the training texts and while 
performing the various steps of the instructional strategy (see also section 7 1) 
Session 1 Thinking aloud training session 
Session 2 Introduction session (CONTACT 2 strategy) 
Session 3 to 6 Training session 3 to 6 + post test 
Figure 1 Procedure of the present study 
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7.4 RESULTS 
7 4 1 The students' learning results with respect to the various CONTACT 
2 steps 
For each CONTACT 2 step, the learning results of both successful (N~6) and less 
successful (N=4) students were analyzed in terms of percentages of plus 
scores for each student, 4 worksheets and thinking aloud protocols 
(corresponding to the 4 training sessions) were analyzed (see also section 
7 3 2) 
The results of this analysis for each of the instructional steps can be 
summarized as follows 
1 ) searching for own preconceptions 
with respect to the quality of their preconceptions, the percentages of 
correct conceptions for the successful students (12%) and the less 
successful students (19%) were almost comparable, 
2) comparing and contrasting these preconceptions with the new 
information 
in 58% of all cases, the successful students performed this instructional 
step with a correct learning result, the percentage for the less 
successful students (12%), however, was much lower, 
3) formulating new conceptions 
with respect to the quality of their new conceptions, the percentage of 
correct conceptions for the successful students (67%) was higher than 
the percentage of correct conceptions for the less successful students 
(25%), 
4) applying the new conceptions 
in 75% of all cases, the successful students answered the practice 
question correctly, the percentage for the less successful students, 
however, was only 37%, 
5) evaluating the new conceptions 
in 67% of all cases, the successful students performed this instructional 
step with a correct learning result again, the percentage for the less 
successful students (12%) was much lower 
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7 .4 .2 The students' ways of performing the various contact-2 steps
Next, the quality of the students' ways of performing the various c o n t a c t -2 
steps was analyzed, both for successful (N = 6) and less successful students 
(N = 4). For each student, 4 worksheets and corresponding thinking-aloud 
protocols were analyzed by assigning one of the follow ing 4 qualifications: "I" 
(incorrect elaboration), "M " (missing elaboration), "P" (partially correct 
elaboration), and "C" (correct elaboration) (see also section 7.3.2).
The results of this analysis can be summarized as follows:
1) searching for own preconceptions:
with respect to the first step, the quality of the elaborations of the 
successful students was higher than the quality of the elaborations of 
the less successful students: the successful students scored relatively 
less incorrect and missing elaborations and relatively more (partialiy) 
correct elaborations (see Figure 2);
E-ü Successful Less successful
Figure 2 Quality of the students' elaborations w ith respect to the firs t step 
(percentages)
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2) comparing and contrasting these preconceptions with the new  
information:
in th is case, the quality of the elaborations of the successful students 
was much higher than the quality of the elaborations of the less 
successful students: in 83% of all cases, the successful students 
achieved a correct elaboration; the elaborations of the less successful 
students, however, were incorrect in 87% of all cases (see Figure 3);
Figure 3 Quality of the students’ elaborations w ith respect to the second 
step (percentages)
3) formulating new  conceptions:
the quality of the elaborations of the new conceptions was higher for 
the successful students than for the less successful students: the 
successful students scored relatively less incorrect elaborations and 
relatively more correct elaborations (see Figure 4);
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Figure 4 Quality of the students' elaborations w ith respect to the third step 
(percentages)
4) applying the new conceptions:
w ith  respect to the fourth instructional step, the resultinp, ppttern was 
comparable to the one found for the previous step: the *successful 
students scored relatively less incorrect, missing, or only partially 
correct elaborations and relatively more correct elaborations (see Figure 
5);
5) evaluating the new conceptions:
in th is case, the resulting pattern was almost identical to the one found 
for step 2: in 87% of all cases, the successful students achieved a 
correct elaboration; the elaborations of the less successful students, 
however, were incorrect in 87% of all cases (see Figure 6).
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wFigure 5 Quality of the students' elaborations w ith respect to the fourth 
step (percentages)
Figure 6 Quality of the students' elaborations w ith respect to the fifth  step 
(percentages)
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7.5 CONCLUSIONS AND DISCUSSION 
As mentioned in section 7 2, the present study was designed to explore the 
(quantitative and qualitative) differences in cognitive learning activities between 
students who are successful in studying texts following the CONTACT 2 strategy 
and students who are less successful in this respect Therefore, the thinking 
aloud method was used to discover which cognitive learning activities are being 
performed by students while they are working with the CONTACT 2 strategy 
Dependent variables concerned the students' learning results with respect to 
the various CONTACT 2 steps and their ways of performing these steps 
successful students were hypothesized to achieve better learning results with 
respect to the various CONTACT 2 steps than less successful students and they 
were assumed to perform the various instructional steps in a better way (see 
also section 7 2) 
These 2 hypotheses were confirmed by the empirical findings from this study 
both quantitative (hypothesis 1) and qualitative (hypothesis 2) differences were 
found between successful and less successful students From the second 
instructional step on ("comparing and contrasting the preconceptions with the 
new information"), successful students achieved better learning results than 
less successful students The quality of the elaborations of the successful 
students turned out to be higher than the quality of the elaborations of the less 
successful students even from the first instructional step on ("searching for 
own preconceptions") On the whole, one could conclude that, during the 
training sessions, quantitative and qualitative differences in cognitive learning 
activities showed up when students were performing the second CONTACT 2 
step ("comparing and contrasting the preconceptions with the new 
information") and that these differences continued to exist (at least) until 
students were doing the corresponding learning performance post-test 
Based upon the results from the present study, the following 2 prototypes of a 
successful student and a less successful student can be presented While 
performing the first CONTACT 2 step ("searching for own preconceptions"), the 
prototypical successful student already tends to relate the idea question and the 
corresponding answer alternatives to his/her prior knowledge When s/he has 
selected a particular answer alternative, s/he provides a reason for choosing 
this answer in 50% of all cases During the second instructional step 
("comparing and contrasting the preconceptions with the new information'), 
the quality of the student's elaborations is quite high the prototypical 
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successful student correctly identifies the existing similarities and differences 
between his/her own preconception and the text In fact, during this step, the 
student already achieves conceptual change at a preliminary level While 
performing the third step ("formulating new conceptions' ), conceptual change 
is realized the student formulates a scientifically accepted conception and 
provides correct argumentation for it The conception formulated at this stage is 
quite stable the student tends to stick to this conception (at least) until the end 
of the session This is illustrated by the student's performance of the last 2 
instructional steps ("applying the new conceptions" and "evaluating the new 
conceptions") the student answers the practice question correctly (and 
provides argumentation spontaneously) and s/he evaluates his/her new 
conception by correctly comparing and contrasting this new conception with 
the answer to the practice question 
The learning process of a prototypical less successful student, on the other 
hand, is different with respect to (the quality of) the cognitive learning activities 
being performed While performing the first CONTACT 2 step, the prototypical 
less successful student does not tend to relate the idea question and the 
corresponding answer alternatives to his/her prior knowledge When s/he has 
selected a particular answer alternative, s/he also tends not to provide a reason 
for choosing this answer or only when requested to do so During the next 
step, when the student is comparing and contrasting his/her preconception with 
the text, the quality of the student's elaborations is poor Consequently, 
because there is no solid basis for conceptual change, the student does not 
construct a scientifically accepted conception while performing the third step 
("formulating new conceptions") If the student selects the correct answer 
alternative, his/her choice is usually based upon guessing or discrimination (as 
opposed to real conceptual change) as is shown by the quality of his/her 
argumentation This is also illustrated by the student's performance of the last 
2 instructional steps the student answers the practice question incorrectly and 
evaluates his/her new conception in a qualitatively poor way, comparable to 
his/her way of performing the second instructional step During most training 
sessions, the less successful student only formulated a correct conception after 
the first sequence of instructional steps again, his/her final conception 
appeared to be mainly based upon guessing or discrimination (as opposed to 
real conceptual change) 
To summarize, on the basis of the present study one could conclude that, 
during the training sessions, the quantitative and qualitative differences in 
cognitive learning activities between successful and less successful students 
showed up when students were performing the second CONTACT 2 step 
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("comparing and contrasting the preconceptions with the new information") 
These differences continued to exist (at least) until students were doing the 
corresponding learning performance post test Thus, the way in which the 
second CONTACT 2 step is being performed by the students appears to be crucial 
for the effectiveness of the CONTACT 2 strategy as a whole In other words, 
there appears to be a strong relationship between the quality of the students' 
elaborations of the second instructional step on the one hand and the quality of 
their final conceptions and their learning performance on the other hand 
Apparently, students who are successful in studying texts while being 
supported by the CONTACT 2 strategy have more skills m comparing and 
contrasting their preconceptions with new information than students who are 
less successful in working with the instructional strategy Successful students 
even tend to compare and contrast their preconceptions with the new 
information while studying the text, 1 e before arriving at the second 
instructional step Consequently, they already tend to have achieved conceptual 
change at a preliminary level before they are actually activated by the 
instructional strategy to check whether their preconceptions are in accordance 
with the text or not This phenomenon could be explained by the assumption 
that successful students have more and better metacognitive knowledge and 
self-regulation skills such as process monitoring, directing, and testing, as 
opposed to less successful students (see also De Jong, 1992, Van Hout-
Wolters, 1994) 
Less successful students on the other hand, do not tend to compare and 
contrast their preconceptions with the new information before arriving at the 
second instructional step When they are actually activated to perform this 
second CONTACT 2 step, these students appear to experience more (strategic) 
difficulties than successful students, as is shown by the poorer quality of their 
elaborations and by their verbal and nonverbal expressions of frustration 
Apparently, the strategic help being offered in the "How" and "Why" parts (see 
also chapters 5 and 6) is not sufficient or adequate for this category of 
students only in 12% of all cases, less successful students performed this 
instructional step with a correct learning result Although these students 
seemed to understand which elements they had to compare and contrast with 
one another, they appeared to lack the strategic knowledge and skills to 
perform these learning activities in an adequate way 
Therefore, the conclusion seems to be justified that comparing and contrasting 
skills have to be learned (especially by the less successful students) The 
CONTACT 2 strategy, however, does not include explicit training procedures 
aimed at acquiring these skills Whereas comparing and contrasting skills 
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appear to be crucial for the effectiveness of the CONTACT 2 strategy as a whole, 
implementing strategic models, specific exercises, and instructional guidance 
aimed at fostering these skills could be recommended especially during the first 
training sessions In this respect, it is important that these instructional aids are 
not too context bound, so that students can apply comparing and contrasting 
skills in other learning contexts as well On the other hand, it should be noted 
that the CONTACT 2 strategy should not be transformed into a specific training 
procedure only aimed at promoting comparing and contrasting skills the 
cognitive learning activities corresponding to the other instructional steps 
remain essential for conceptual-change processes 
In this study, the thinking-aloud method was used to discover which cognitive 
learning activities are being performed by successful and less successful fifth 
and sixth-graders while working with the CONTACT 2 strategy The thinking aloud 
method, however, might also be useful as a didactic method to enhance the 
effectiveness of the instructional strategy Because students have to verbalize 
their thoughts continuously, their cognitive processes might be fostered 
themselves and their concentration might be enhanced Moreover, students 
cannot skip parts of the text because they have to read aloud as well After a 
short training procedure, the activity of thinking aloud becomes automated, so 
that the students can fully concentrate on the information from the learning 
task and the corresponding instructional support Because of the reasons 
mentioned above, the use of the thinking-aloud method as a didactic method to 
enhance the effectiveness of the CONTACT 2 strategy might especially be useful 
for less successful students Additional research should shed some light on the 
possible effects of the thinking aloud method in relation to the effectiveness of 
the CONTACT 2 strategy 
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8 GENERAL DISCUSSION 
8 1 INTRODUCTION 
As described m section 1 1, the central question of this book is how prior 
knowledge activation and conceptual change can be fostered through 
instruction or, in other words, how instructional systems can promote students' 
knowledge (re)construction processes (see also Hashweh, 1Э88, Kelly, 1993, 
Tergan & Oestermeier, 1993, Duit, 1994, Vosniadou, 1994) According to 
Hatano (1995), one of the main goals of (science) education should be to help 
students to construct scientifically plausible models (ι e conceptions) of the 
world and scientifically sound modes of prediction and causal explanation In 
many learning situations, this does not only require knowledge enrichment but 
also restructuring of existing knowledge (ι e conceptual change) students' 
knowledge should not only increase in quantity but should also be restructured 
In this respect, it cannot be assumed that an increased amount of knowledge 
automatically induces knowledge restructuring 
During the last two decades, many instructional strategies aimed at prior 
knowledge activation and conceptual change have been designed and evaluated 
(see Pfundt & Duit, 1994) On the basis of the research findings and theoretical 
notions discussed in chapter 2, one could conclude that such instructional 
strategies should appeal to certain cognitive activities (to be undertaken by the 
learner) to promote his/her knowledge (re)construction processes (see for more 
details section 2 4) 
As part of her final study, Ali (1990) created the CONTACT strategy, a computer-
assisted instructional strategy including similar steps (see for more details 
section 3 5 1) In the present research project, the effectiveness of the 
underlying activation model, which had been shown by Ah (1990) (see for more 
details section 3 5 2), was subjected to closer inquiry in four empirical studies 
These empirical studies, which are described and discussed in chapters 4 to 7, 
were aimed at answering the following concrete research questions 
1) To what extent do the various steps of the CONTACT strategy contribute 
to its effectiveness (see chapter 4 ) ? 
2) Can the effects of the CONTACT strategy be increased (see chapter 5) 7 
3) To what extent can students learn the various learning activities 
corresponding to the steps of the instructional strategy (see chapter 6) ? 
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4) Which (quantitative and qualitative) differences in cognitive learning 
activities exist between students who are successful in studying text 
while being supported by the instructional strategy and students who are 
less successful in this respect (see chapter 7) ? 
As mentioned above, the specific results and conclusions from the four 
empirical studies are discussed in chapters 4 to 7 (the original versions of these 
chapters were written as articles) This final chapter contains a general 
discussion of the main results and conclusions from these studies Moreover, 
recommendations for future research and educational practice will be 
formulated 
8.2 EFFECTIVENESS OF THE ACTIVATION MODEL 
As stated in chapter 1, for many students, instructional strategies implemented 
in the learning environment are necessary to support processes of prior 
knowledge activation and conceptual change Conceptual change requires 
(major) restructuring of already existing knowledge to provide students with a 
more fruitful conceptual framework (see also Jung, 1986, Duit, 1994) The 
basic assumption underlying most influential cognitive change approaches is 
"the key constructivist idea that construction of new conceptions (learning) is 
possible only on the basis of the already existing conceptions (Duit, 1994, ρ 
11) (see also section 2 2) Nowadays, most constructivist approaches of 
learning and instruction put the key emphasis on dynamic conceptual-change 
processes and include "supporting conditions" of conceptual change (see also 
Bisschop & Biemans, under review) 
To support conceptual change on the content level, most instructional 
strategies include various steps or parts The activation model underlying the 
CONTACT and the CONTACT 2 strategy, based upon cognitive and instructional 
conditions emerging from theoretical notions and empirical research concerning 
knowledge (re)construction processes (see also chapters 2 to 5), includes five 
steps (see also section 2 4) (see also Ali, 1990) 
1 ) searching for preconceptions, 
2) comparing and contrasting preconceptions with new information, 
3) constructing new conceptions, 
4) applying new conceptions, 
5) evaluating new conceptions 
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Following Ah (19ЭО), all steps from the activation model were hypothesized to 
be necessary to foster processes of prior knowledge activation and conceptual 
change On the basis of the combined results from the first and the second 
study this hypothesis was confirmed In the first study, the complete CONTACT 
strategy already was the most effective instructional variant in promoting 
conceptual change (in terms of the quality of the students' final conceptions, 
not in terms of their learning performance) (see also Ah, 1990) Additionally, in 
the second study, the CONTACT 2 strategy appeared to be even more effective 
than the original CONTACT strategy and the control condition NO ACTIVATION -
(both with respect to the quality of the students' final conceptions and their 
learning performance) because of the adaptations of the original CONTACT 
strategy, the effectiveness, efficiency, and flexibility of the strategy and the 
underlying activation model had been increased (and, moreover, the selective-
attention problem had been overcome) At this point it should be noted that, on 
some variables, differential effects of the various instructional conditions were 
found, depending upon the students' familiarity with the subject matter (see for 
more details chapters 4 and 5, see also Tobias, 1976, 1994, Ah, 1990) 
Thus, especially in the second study, additional empirical support for the 
underlying activation model was provided (see also Ali, 1990 section 3 5) In 
other words, students who perform all instructional steps of the CONTACT 2 
strategy (and all corresponding learning activities) while studying texts 
construct more valid and integrated conceptions with more adequate retrieval 
paths, resulting in a better maintenance of the acquired knowledge and a more 
successful transfer to other problem solving situations (see also Schmidt, 1982 
Simons & Verschaffel, 1992) 
To be able to restructure their knowledge, students should first become aware 
of their preconceptions (see also Prawat, 1989) Therefore, from a 
constructivist learning perspective, instructional strategies should enable 
students to activate and identify their own prior knowledge (see also Limon & 
Carretero, 1995) In this respect, Rice et al (1991) proposed to take a step 
beyond identification of students' preconceptions about the concepts of interest 
in the direction of concurrent characterization of the underlying and entrenched 
presuppositions of these ideas, which can act as constraints on knowledge 
(re)construction processes (see also Vosniadou, 1994, 1995, section 2 4 1) 
When students' prior knowledge has been activated, they should compare and 
contrast their preconceptions with the (new) information from the learning task 
(see also Hewson & Hewson, 1984, Roth, 1985, Hynd & Alverman, 1985, 
Pallrand, 1988, Hand & Treagust, 1 9 9 1 , Scott, 1992, Woloshyn et al , 1992) 
Students should be given concrete opportunities to rationalize similarities and 
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differences between their own conceptions and the information being presented 
since explicitly contrasting students' preconceptions with the information from 
the learning task is (much) more effective than simply providing scientifically 
accepted information (see also Maria & McGinitie, 1987, Fellows, 1991, section 
2 4 2) 
When students engage in comparing and contrasting activities (integration and 
differentiation), real conceptual change is more likely to occur if the plausibility 
of students' preconceptions decreases and the plausibility of the new 
conceptions increases (see also Prawat, 1989) In this respect, Chan (1993) 
claimed that students' knowledge-processing activities are of crucial 
importance students should treat new information as something that has to be 
explained In other words, students must be actively involved in constructing 
new conceptions (see also Happs & Mansfield, 1989, section 2 4 3) 
Finally, students should experience that the new conceptions enable them to 
solve problems (see also Siegler, 1983, Cobern, 1993) Therefore, they should 
have opportunities to apply, test, and evaluate their new conception (see also 
Strike & Posner, 1985, Lawson, 1986, Unruh et a l , 1992, Watson, 1994, 
Perkins & Blythe, 1994, section 2 4 4) 
As described in section 2 5, instructional strategies for the promotion of 
meaningful conceptual change including these or comparable steps or parts (in 
the sense that they appeal to similar cognitive activities to be undertaken by the 
learner) have been evaluated and discussed by many educational researchers 
(e g Brehm et al , 1986, Feher, 1986, Marioni, 1989, McDonald, 1989, Kyle et 
al , 1989, Wurtak, 1990, Coleman, 1992, Fetherstonhaugh & Treagust, 1992, 
Scharmann, 1993) and, in many cases, positive training effects have been 
found On the basis of the results from these studies it was hypothesized that 
an instructional strategy supporting confrontation of conceptions is promising 
for engendering restructuring of students' existing knowledge and for changing 
the content of their knowledge (see also Champagne et al , 1986, McConney, 
1 992) On the whole, one could conclude that this hypothesis was confirmed 
by the results from the present studies 
On the basis of the results from the fourth study, the following two prototypes 
of a student who is successful in studying texts following the CONTACT 2 
strategy and a student who is less successful in this respect can be presented 
While performing the first CONTACT 2 step ("searching for preconceptions"), the 
prototypical successful student already tends to relate the idea question (the 
"exposing event") and the corresponding answer alternatives to his/her own 
prior knowledge When s/he has selected a particular answer alternative, s/he 
provides a reason for choosing this answer in half of all cases During the 
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second instructional step ("comparing and contrasting preconceptions with new 
information"), the quality of the student's elaborations is quite high the 
prototypical successful student tends to identify the existing similarities and 
differences between his/her own preconception ant4 the text In fact, during this 
step the student already achieves conceptual change at a preliminary level 
While performing the third step ("formulating new conceptions"), conceptual 
change is realized in most cases the student tends to formulate a scientifically 
acceptable conception and to provide correct argumentation The conception 
formulated at this stage is quite stable the student tends to stick to this 
conception (at least) until the end of the session This is illustrated by the 
student's performance of the last two instructional steps ("applying new 
conceptions and 'evaluating new conceptions") the student tends to answer 
the practice question correctly (and to provide argumentation spontaneously) 
and s/he tends to evaluate his/her new conception by correctly comparing and 
contrasting this new conception with the answer to the practice question 
The learning process of a prototypical less successful student, on the other 
hand, is different with respect to (the quality of) the cognitive learning activities 
being performed While performing the first CONTACT 2 step, the prototypical 
less successful student does not tend to relate the idea question and the 
corresponding answer alternatives to his/her own prior knowledge Moreover, 
when this student has selected a particular answer alternative, s/he tends not 
to provide a reason for choosing this answer or only when requested to do so 
During the next step, in which the student is comparing and contrasting his/her 
preconception with the text, the quality of the student's elaborations tends to 
be poor Consequently, because there is no solid basis for conceptual change, 
the student tends not to construct a scientifically acceptable conception while 
performing the third step ("formulating new conceptions") If the student 
selects the correct answer alternative, his/her choice is usually based upon 
guessing or discrimination (as opposed to real conceptual change), as is shown 
by the quality of his/her argumentation This is also illustrated by the student's 
performance of the last two instructional steps the student tends to answer 
the practice question incorrectly and to evaluate his/her new conception in a 
qualitatively poor way, which is comparable to his/her way of performing the 
second instructional step The less successful student tends to formulate a 
correct conception only at a very late stage again, his/her final conception 
tends to be mainly based upon guessing or discrimination (as opposed to real 
conceptual change) 
A basic principle of the activation model is to stimulate students to discover 
inconsistencies themselves, e g by comparing their conceptions with the 
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information from the text (see also Strike & Posner, 1985, 1992) In this 
respect, the fourth study revealed a strong relationship between the quality of 
the students' elaborations of the second instructional step ("comparing and 
contrasting preconceptions with new information") on the one hand and the 
quality of their final conceptions and their learning performance on the other 
hand Apparently, students who are successful in studying texts while being 
supported by the CONTACT 2 strategy have more skills in comparing and 
contrasting their preconceptions with new information than students who are 
less successful in working with the instructional strategy Successful students 
even tend to compare and contrast their preconceptions with the new 
information while studying the text, ι e before arriving at the second 
instructional step Consequently, they already tend to have achieved conceptual 
change at a preliminary level before they are actually activated by the 
instructional strategy to check whether their preconceptions are in accordance 
with the text or not This phenomenon could be explained by the assumption 
that successful students have more and qualitatively better metacognitive 
knowledge and self regulation skills such as process monitoring, directing, and 
test ing, as opposed to less successful students (see also De Jong, 1992, Van 
Hout-Wolters, 1994) students have to recognize what they know about a 
topic, they have to realize they have read, seen, or heard something they do 
not understand, and they have to know how to overcome any discrepancies in 
their understanding (DiGisi & Yore, 1992) 
Less successful students, on the other hand, do not tend to compare and 
contrast their preconceptions with the new information before arriving at the 
second instructional step When they are actually activated to perform this 
second step, these students appear to experience more (strategic) difficulties 
than successful students, as is shown by the poorer quality of their 
elaborations and by their verbal and nonverbal expressions of frustration 
Apparently, the strategic help being offered (in the "How" and "Why' parts) is 
not sufficient or adequate for this category of students only in a few cases, 
less successful students perform this instructional step with an adequate 
learning result Although these students seem to understand which elements 
they have to compare and contrast with one another, they appear to lack the 
strategic knowledge and skills to adequately perform these learning activities 
(see also De Jong, 1992, Van Hout Wolters, 1994) 
Therefore, the conclusion seems to be justified that comparing and contrasting 
skills have to be learned (especially by less successful students) Whereas the 
CONTACT 2 strategy does not include explicit training procedures aimed at 
acquiring these skills, implementing strategic models, specific exercises and 
126 
instructional guidance could be recommended In this respect, it is important 
that these instructional aids are not too context-bound, so that students can 
apply comparing and contrasting skills in other learning contexts as well On 
the other hand, it should be noted that the CONTACT 2 strategy should not be 
transformed into a specific training procedure only aimed at promoting 
comparing and contrasting skills the cognitive learning activities corresponding 
to the other instructional steps remain essential for conceptual change 
processes 
8.3 LEARNING TO LEARN FOR CONCEPTUAL CHANGE 
Instructional strategies such as the CONTACT and the CONTACT 2 strategy can 
only be useful if considerable knowledge exists about the particular 
preconceptions frequently held by students. In such cases, students can be 
supported by the instructional strategy to change incorrect conceptions, to 
enrich incomplete conceptions, and/or to construct new conceptions (see also 
Vosniadou, 1ЭЭ4) These strategies, however, are not designed to teach 
students how to activate their own preconceptions and how to construct 
correct conceptions themselves One could argue that it should be the ultimate 
instructional goal to teach students how to initiate and perform the 
corresponding learning activities on their own, without (a high degree of) 
external support (see also All, 1990, Wittrock, 1990, Biemans & Simons, 1992, 
Vermunt, 1992) In this respect, Gunstone (1988) stressed the need to help 
students understand and control their own learning as a major contributor to 
developing their own understanding. Moreover, designing instructional 
programmes for all subject matter following a particular instructional strategy 
such as the CONTACT or the CONTACT 2 strategy would be impossible 
Therefore, in the third study, the effects were examined of several "learning to-
learn" training procedures aimed at enhancing the quality of students' self-
regulated learning for conceptual change (see also Reeve, Palincsar & Brown, 
1987, Brown, Collins & Duguid, 1989, Nisbet, 1989, Jonassen, 1991, De 
Jong, 1992, Vermunt, 1992, Van Hout Wolters, 1994, Simons & Klüvers, 
1 994) The CONTACT 2 strategy served as the starting point for the design of 
these training procedures the strategy was implemented in various computer 
assisted training programmes aimed at teaching students how to perform the 
various CONTACT 2 activities themselves To achieve these learning goals, 
external control in the form of regulation questions, regulation hints, and 
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monitoring questions was gradually withdrawn as the training went on 
("fading", see also Reeve, Palincsar & Brown, 1987) In the first instructional 
condition, strategic support was gradually withdrawn within each step (see also 
Biemans & Simons, 1992), while in the second condition the number of 
instructional steps was reduced as the training continued (the CONTACT 2 
strategy from the second study, which was characterized by a constant, high 
degree of external control, served as control condition) 
The experimental condition "fading within each instructional step" appeared to 
be most effective (with respect to the quality of the students' final conceptions 
and their learning performance) in most learning situations (varying with respect 
to the degree of external control being provided, see also Simons, 1991) this 
condition appeared to lead to the highest degree of cognitive flexibility 
Apparently, students assigned to the condition "fading within each instructional 
step" were better prepared to initiate and perform learning activities aimed at 
prior-knowledge activation and conceptual change themselves because this 
"fading" procedure was better tuned to the students' actual level of self 
regulated learning (see also Biemans & Simons, 1992) Consequently, this 
instructional condition seemed to result in "constructive frictions" and, thus, in 
conceptions of a higher quality and in higher learning performance (see also 
Lohman, 1986, Vermunt, 1992) On the other hand, reducing the number of 
instructional steps (as in the condition "fading of the number of steps") 
appeared to be too drastic in the time span of the training this "fading" 
procedure seemed to result in "destructive frictions", leading to conceptions of 
a lower quality and to lower learning performance (see also Lohman, 1986, 
Vermunt, 1992) 
Previous studies (eg Reeve, Palincsar & Brown, 1987, De Jong, 1992) had 
already shown that gradually transferring the responsibility for learning 
processes from an external source in the learning environment (e g the teacher 
or С A I programme) to the learners ("fading" of external control) can be an 
adequate approach to enhance the quality of the students' self regulated 
learning Moreover, various researchers (eg Salomon, 1988, Biemans, 1989, 
Wade & Trathen, 1989, Van Deursen, 1 9 9 1 , Biemans & Simons, 1992, De 
Jong, 1992) had shown that embedding regulation questions, regulation hints, 
and monitoring questions in instructional strategies can enhance the adequacy 
of the students' strategy use and, thus, can lead to better learning results In 
this respect, Paris, Newman, and McVey (1982) had shown that informed 
training" leads to more adequate strategy use and to higher learning 
performance than "blind training" Finally, several studies had demonstrated 
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that computer assisted instructional strategies can be used to train self-
regulation knowledge and skills (see De Klerk & Verschaffel, 1990) 
The third study provided additional empirical evidence for these conclusions 
This study showed that "fading" of external control can be a fruitful 
instructional approach to teach students how to initiate and perform learning 
activities aimed at prior-knowledge activation and conceptual change 
themselves, provided that the "fading" procedure is based upon the individual 
student's actual level of self-regulated learning If external support is withdrawn 
before the student is able and prepared to initiate and perform the 
corresponding learning activities, poorer learning performance seems to be 
inevitable, if the fading procedure is tuned to the student's knowledge and 
skills however, the quality of self regulated learning and learning performance 
can be improved In this respect, the third study also showed that informing 
students of the learning goals is a necessary condition for "learmng-to learn" 
training procedures to be effective students should be informed that they have 
to learn how to activate their own prior knowledge and how to construct 
correct conceptions themselves (see also Paris, Newman & McVey, 1982, De 
Jong, 1992, Pintnch, Marx & Boyle, 1993) 
To conclude, with respect to "learning to learn" training procedures aimed at 
prior knowledge activation and conceptual change a learning environment 
characterized by a rather high degree of external control seems to be most 
appropriate to start with External support should not be withdrawn until 
students are able and prepared to initiate and perform the learning activities 
required if the degree (or the kind) of external support is not adequate to serve 
the student's needs, "destructive frictions" and poorer learning performance are 
likely to be the result When these conditions are met, however, designing 
effective training procedures aimed at "learning for conceptual change" seems 
to be possible in this way, "constructive frictions' can be created and both the 
quality of students' self-regulated learning and their learning performance can 
be improved 
8 4 RECOMMENDATIONS FOR FUTURE RESEARCH 
On the basis of the present studies, various recommendations for future 
research can be formulated As discussed in section 8 2, the activation model 
underlying the various instructional strategies was shown to be valid and useful 
in fostering processes of prior knowledge activation and knowledge 
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(re)construction In the second study, the CONTACT 2 strategy proved to be 
especially effective in this respect However, other questions arise out of this 
conclusion Although this study showed that it is possible to help fifth and 
sixth-graders (primary education) to use their prior knowledge in an active way 
by means of a process oriented instructional strategy presented through 
computer-assisted instruction, it is still unclear, however, what exactly causes 
the effectiveness of the CONTACT 2 strategy A rather complex learning 
environment was designed, which turned out to be effective in promoting 
conceptual change But what are the essential ingredients7 Can some 
instructional steps and measures be skipped7 Can stripped variants of the 
strategy also be made effective7 New dismantling studies (see also chapter 4) 
seem to be necessary to answer these questions 
Of course, other kinds of research on the effectiveness of the activation model 
are needed, too For instance, studying the generalizability of the effects of the 
activation model to other content domains and other student populations seems 
to be crucial Additional research is also needed with respect to the selective-
attention effect found in the first study students mainly seemed to focus on 
constructing correct conceptions and not on studying the text as a whole, 
which resulted in lower learning performance scores on test questions less 
directly related to the central concepts of the learning task Moreover, it should 
be examined whether the effectiveness of instructional strategies such as the 
CONTACT 2 strategy can still be improved The same holds with regard to training 
procedures aimed at learning to learn for conceptual change (see also section 
8 3, Mason, 1995) Instructional technologies can be useful in this respect but 
only if they are supported by a pedagogical environment and by carefully 
designed didactic methods (see also Vigano & Lebrun, 1995) 
In the fourth study, the thinking-aloud method was used to discover which 
cognitive learning activities are being performed by successful and less 
successful students while working with the CONTACT 2 strategy The thinking-
aloud method, however, might also be useful as a didactic method to enhance 
the effectiveness of the instructional strategy (see also Chan, 1993) Because 
students have to verbalize their thoughts continuously, their cognitive 
processes might be fostered themselves and their concentration might be 
enhanced Stem and Trabasso (1995) claimed that students who think aloud 
are more likely to improve their knowledge thinking aloud procedures force 
students to attend to learning tasks more systematically (by evaluating whether 
or not they understand the concepts), resulting in more links being made 
between concepts, and forcing more awareness of the concepts that students 
do not understand Therefore, using the thinking-aloud method as a didactic 
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method might especially be useful for less successful students Additional 
research should shed some light on the possible effects of the thinking-aloud 
method in relation to the effectiveness of instructional strategies such as the 
CONTACT 2 strategy 
8.5 RECOMMENDATIONS FOR EDUCATIONAL PRACTICE 
As mentioned in section 8 2, instructional strategies aimed at prior-knowledge 
activation and conceptual change should explicitly appeal to all cognitive 
learning activities included in the activation model In other words, instructional 
designers and teachers should activate students through assignments, 
questions, and feedback to search for their own preconceptions, to compare 
and contrast these preconceptions with new information, to construct new 
conceptions, to apply these new conceptions, and to evaluate these new 
conceptions When students do not hold many preconceptions in advance, 
however, they should first enhance the students' familiarity with the concepts 
to be treated, e g through an introduction, "advance organizers", or metaphors 
(see also Simons, 1980, Ah, 1990) 
The fourth study revealed a strong relationship between the quality of the 
students' elaborations of the second instructional step ("comparing and 
contrasting preconceptions with new information") on the one hand and the 
quality of their final conceptions and their learning performance on the other 
hand Therefore, the conclusion seems to be justified that students should be 
trained in comparing and contrasting skills (especially the less successful 
students), instructional strategies should include explicit training procedures 
aimed at fostering these skills in various learning contexts Instructional 
strategies, however, should not be transformed into specific training procedures 
only aimed at promoting comparing and contrasting skills the cognitive learning 
activities corresponding to the other steps of the activation model remain 
essential for conceptual change processes 
In the first study, a negative side-effect of the original CONTACT strategy was 
found students mainly seemed to focus on constructing correct conceptions 
and less on studying the texts as a whole As mentioned above, the learning 
activities corresponding to the various instructional steps appear to be 
necessary for the construction of valid conceptions These learning activities, 
however, also demand a considerable amount of information-processing 
capacity Consequently, "CONTACT students" seemed to lack the information-
a l 
processing capacity required to study the other information from the learning 
material in depth (and perhaps also the motivation to study this information, 
which might be seen as less relevant) 
On the basis of these findings, some implications for the design of process 
oriented instructional strategies aimed at prior-knowledge activation and 
conceptual change can be formulated On the one hand, such instructional 
strategies should offer optimal, flexible, and specific support to individual 
knowledge (re)construction processes and, on the other hand, these strategies 
should provide a solution for the above mentioned problem of selective 
attention In other words, instructional designers and teachers should both 
strive for increased effectiveness, efficiency, and flexibility of their instructional 
strategies, and try to draw the students' attention to the learning tasks as a 
whole and not just to the relations between the central concepts In this 
respect, the second study showed that it is possible to help students in using 
their prior knowledge and in restructuring their preconceptions and to prevent 
the selective attention effect from occurring computer assisted instructional 
strategies aimed at conceptual change, such as the CONTACT 2 strategy, can 
enable individual students to use their own conceptions as the starting point for 
knowledge (re)construction processes, which can hardly be realized in concrete 
classroom situations Moreover, computer assisted instructional strategies can 
activate the student to perform learning activities aimed at conceptual change 
and provide support whenever the student needs this (see also section 2 6) 
In the longer term, however, helping students is not enough additionally, 
students should be trained how to activate their own preconceptions and how 
to learn for conceptual change themselves This seems to require quite another 
instructional approach a "learning to learn" approach aimed at providing 
students with the metacognitive abilities necessary to engage in conceptual 
change learning (see also Beeth, 1993) With respect to 'learning to learn" 
training procedures aimed at prior-knowledge activation and conceptual change, 
a learning environment characterized by a rather high degree of external control 
seems to be most appropriate to start with External support should not be 
withdrawn until students are able and prepared to initiate and perform the 
learning activities required if the degree (or the kind) of external support is not 
adequate to serve the student's needs, "destructive frictions' and poorer 
learning performance are likely to be the result When these conditions are met, 
however, designing effective training procedures aimed at "learning for 
conceptual change' seems to be possible in this way, "constructive frictions" 
can be created and both the quality of students' self regulated learning and 
their learning performance can be improved. 
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SUMMARY 
During the last decades, many researchers have referred to the determining 
influence of prior knowledge on students' learning processes and learning 
performance Prior knowledge can be described as all knowledge learners have 
when entering a learning environment, and which is potentially relevant for 
constructing new knowledge With respect to the terminology used m this 
doctoral dissertation, "prior knowledge", "preconceptions", "informal 
knowledge", "naive theories', "alternative conceptions", 'alternative 
frameworks", and "original ideas" should be regarded as synonyms 
Conceptions reflect the way learners look at certain phenomena Thus, 
preconceptions can be defined as domain specific conceptions constructed by 
students based upon their concrete everyday experiences or interactions with 
particular natural phenomena before formal instruction 
Recent constructivist learning theories (see for more details chapters 1 and 2) 
consider the active use of prior knowledge to be a key strategy for constructing 
rich and useful mental representations while studying new information If the 
learner has constructed representations of a certain domain based upon learning 
experiences in the past, s/he can use this prior knowledge when s/he has to 
study related material prior knowledge can enable the learner to relate 
concepts, to think of examples, to structure the learning material, etc Thus, 
prior knowledge activation can support knowledge construction processes with 
deeper understanding as a result 
In many learning situations, however, students' preconceptions do not enter 
the learning process automatically and/or students do not succeed in activating 
and using their prior knowledge intentionally and actively Consequently, they 
may learn new information as "isolated" bodies of knowledge and experience 
difficulties applying the new knowledge in novel situations In other words, 
often students appear to need instructional support to activate their prior 
knowledge and to learn in a meaningful way 
Prior knowledge activation can also promote (major) restructuring of already 
existing knowledge (conceptual change) to provide students with a more fruitful 
conceptual framework for particular contexts Previous research has shown 
that many learners do not hold correct preconceptions (ι e preconceptions 
being in accordance with generally accepted scientific views) before formal 
instruction often, their prior knowledge is not in accordance with generally 
accepted scientific views, or only partially As has been shown in many studies, 
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incorrect or partially incorrect prior knowledge is relatively stable and tends to 
resist change Such incorrect and incomplete conceptions can block knowledge 
construction processes if they are not diagnosed and corrected during learning 
Therefore, the existence of students' incorrect and incomplete preconceptions 
implies that learning does not only involve acquiring or constructing new 
conceptions, but also restructuring of existing conceptions, ι e conceptual 
change 
To summarize the conclusions drawn above (see for more details chapters 1 
and 2), the central question is how instructional systems can help students use 
their correct or partially correct prior knowledge without creating interference 
and, simultaneously, deal with incorrect or partially incorrect prior knowledge, 
which tends to resist change Therefore, in this dissertation the question is 
addressed how prior knowledge activation and conceptual change can be 
fostered or, in other words, how students' knowledge (re)construction 
processes can be promoted In this respect, this book relates to a major trend in 
science education the idea that science teaching should focus on concepts and 
conceptual change to enhance student understanding The four empirical 
studies described in this dissertation (see for more details chapters 4 to 7) can 
be characterized as studies attempting to promote prior knowledge activation 
and conceptual change In these studies the CONTACT strategy, whose 
effectiveness was shown by Ah (1990) (see for more details chapter 3), was 
subjected to closer inquiry 
The CONTACT strategy is based upon current conceptual change approaches 
(see for more details chapters 2 and 3) This instructional strategy is typified by 
CONTinuous, computer-assisted ACTivation of the conceptions of individual 
learners while they are processing expository texts (domain basic physical 
geography) The CONTACT strategy is based upon a process oriented, heuristic 
activation model consisting of five steps aimed at conceptual change 
1) searching for one's own preconceptions, 
2) comparing and contrasting these preconceptions with the new 
information, 
3) formulating new conceptions, based upon the previous step, 
4) applying the new conceptions 
5) evaluating the new conceptions, based upon the previous step 
Computer assisted instructional strategies aimed at conceptual change, such as 
the CONTACT strategy, can enable individual students to use their own 
conceptions as the starting point for knowledge (re)construction processes, 
which can hardly be realized in concrete classroom situations Moreover, 
computer-assisted instructional strategies can activate the student to perform 
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learning activities aimed at conceptual change and provide support whenever 
the student needs this 
The four empirical studies (see for more details chapters 4 to 7) were aimed at 
answering the following concrete research questions 
1 ) To what extent do the various steps of the CONTACT strategy contribute 
to its effectiveness (see chapter 4)7 
2) Can the effects of the CONTACT strategy be increased (see chapter 5)? 
3) To what extent can students learn the various learning activities 
corresponding to the steps of the instructional strategy (see chapter 6)? 
4) Which (quantitative and qualitative) differences in cognitive learning 
activities exist between students who are successful in studying text 
while being supported by the instructional strategy and students who are 
less successful in this respect (see chapter 7)? 
As mentioned above, the aim of the first study (see for more details chapter 4) 
was to trace the effects of the various steps of the CONTACT strategy 
Therefore, the CONTACT strategy was dismantled in a systematic way Subjects 
(86 fifth- and sixth graders, primary education) were assigned to four 
instructional conditions varying with respect to the number of steps of the 
particular strategy 
1) step 1 step 5 (CONTACT condition), 
2) step 1 - step 3 (NEW IDEA condition), 
3) step 1 only (OLD IDEA condition), 
4) none of the CONTACT steps (control condition NO ACTIVATION) 
The complete CONTACT strategy appeared to be more effective in promoting 
conceptual change (in terms of the quality of the students' final conceptions) 
than the two dismantled variants (especially for students who were already 
very familiar with the central concepts of the learning tasks) students assigned 
to the complete CONTACT condition constructed conceptions representing the 
relations between the central concepts of the training texts more accurately 
Concerning the students' learning performance, however, dismantling the 
training effects found by Ah (1990) was impossible, since the superiority of the 
CONTACT strategy over the other instructional conditions failed to show up the 
various instructional conditions did not differ with respect to the students' 
learning performance scores Nevertheless, some support for the selective-
attention hypothesis was obtained Students mainly seemed to focus on 
constructing correct conceptions, while disregarding information less directly 
related to the central concepts of the texts This led to lower learning 
performance scores on less directly related test questions, as compared with 
the NO ACTIVATION control group Another remarkable result was the lack of 
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retention loss for the CONTACT group all other groups performed much lower at 
retention time than at post test time, but the CONTACT group remained on the 
same level This finding combined with the results concerning the students' 
final conceptions gave some hope that the underlying activation model might be 
effective after all instead of denying the effectiveness of the CONTACT strategy, 
trying to improve it seemed to be better 
Therefore, in the second study (see for more details chapter 5), a revised 
variant of the CONTACT strategy, the CONTACT 2 strategy, was designed The 
CONTACT 2 strategy was characterized both by adaptations to prevent the 
selective attention phenomenon from occurring and by adaptations to increase 
the effectiveness, the efficiency, and the flexibility of the original CONTACT 
strategy The aim of this study was to explore whether the adaptations of the 
CONTACT strategy would result in increased effectiveness in terms of 
conceptions and learning performance Therefore, subjects (74 fifth- and sixth 
graders) were assigned to three instructional conditions 
1) original CONTACT condition, 
2) CONTACT 2 condition, 
3) NO ACTIVATION control condition 
Based upon the results from this study, one could conclude that the CONTACT 2 
strategy was more effective as instructional strategy aimed at prior-knowledge 
activation and conceptual change than the other two conditions because 
students constructed conceptions representing the relations between the 
central concepts of the learning tasks more accurately (which they could also 
apply more adequately in other problem solving situations) and because they 
achieved higher learning performance scores Moreover the effectiveness of 
the CONTACT 2 strategy appeared not to depend on the degree of conceptual 
resemblance between the performance test questions and the central concepts 
of the texts and on the moment of testing Finally, the CONTACT 2 strategy was 
more efficient than the original CONTACT strategy with respect to time costs To 
summarize, the adaptations of the original CONTACT strategy were shown to 
result in increased effectiveness, efficiency, and flexibility of the strategy and in 
an adequate solution to the problem of selective attention apparently, the 
students' attention was drawn to the learning tasks as a whole and not just to 
the relations between the central concepts 
The third study (see for more details chapter 6) focused on another aspect of 
the CONTACT 2 strategy the CONTACT 2 strategy is characterized by a high 
degree of external control As had been shown in the previous study, a high 
degree of external control can result in conceptions of a higher quality and in 
better learning performance but it may also lead to higher dependence on 
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external support High dependence on external control can be an undesirable 
side effect of an (any) instructional strategy in the longer term without external 
help, students may not be able to initiate and perform the particular learning 
activities themselves, and, thus, to achieve the learning goals Moreover, 
designing instructional programmes for all subject matter following the CONTACT 
2 strategy would be impossible 
Therefore, in the third study, the question was addressed which instructional 
conditions are required to teach students how they themselves can initiate and 
perform the various instructional steps, or, in other words, how they 
themselves can activate their own preconceptions and get engaged in 
conceptual change processes The CONTACT 2 strategy served as the starting 
point for the design of several training procedures aimed at enhancing self-
regulated learning These training procedures were characterized by a gradual 
transfer of the responsibility for learning processes from the learning 
environment to the learner ("fading" of external control) In the first 
experimental condition, strategic support was gradually withdrawn ("faded") 
within each instructional step, while in the second experimental condition the 
number of steps was reduced as the training continued The original CONTACT 2 
condition served as control condition Subjects were 65 fifth and sixth graders 
Dependent variables concerned students' abilities to initiate and perform 
learning activities aimed at conceptual change, the quality of their conceptions, 
and their learning performance 
The results from this study suggested that 'fading of external control can be a 
fruitful instructional approach to foster self regulated learning aimed at prior 
knowledge activation and conceptual change, provided that the "fading" 
procedure is tuned to the students' actual level of self-regulated learning In this 
way, the quality of self regulated learning as well as learning performance can 
be improved In the present study, the experimental condition "fading within 
each instructional step" appeared to be most effective (with respect to the 
quality of the students' final conceptions and their learning performance) in 
most learning situations (varying with respect to the degree of external control 
being provided) this condition appeared to lead to the highest degree of 
cognitive flexibility In other words, with respect to learning to-learn training 
procedures aimed at conceptual change a learning environment characterized 
by a rather high degree of external control seems to be most appropriate to 
start with External control should not be withdrawn until students are able 
(and prepared) to initiate and perform the learning activities required if the 
degree (or the kind) of external support is not adequate to serve the student's 
needs, "destructive frictions ' and poorer learning performance are likely to be 
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the result. When these conditions are met, however, designing effective 
training procedures aimed at "learning for conceptual change" seems to be 
possible. 
Based upon the findings from the second study (see for more details chapter 5), 
one could conclude that the CONTACT-2 strategy is effective as a process-
oriented instructional strategy aimed at supporting processes of prior-
knowledge activation and conceptual change: additional empirical support for 
the underlying activation model was provided. This study, however, did not 
answer the question which cognitive learning activities students should perform 
to work effectively with the CONTACT-2 strategy. 
Therefore, a fourth study (see for more details chapter 7) was designed to 
explore the (quantitative and qualitative) differences in cognitive learning 
activities between students who are successful in studying texts while being 
supported by the CONTACT-2 strategy and students who are less successful in 
this respect. To discover which cognitive learning activities are being performed 
by the students while working with the CONTACT-2 strategy, the thinking-aloud 
method was used. All subjects (10 fifth- and sixth-graders) were assigned to 
the same instructional condition: the CONTACT-2 condition (see for more details 
chapter 5). After the training, subjects were assigned to one of the following 
two groups, based upon their learning performance scores: successful students 
(N=6) and less successful students (N=4). 
Both quantitative and qualitative differences were found between successful 
and less successful students: successful students appeared to achieve better 
learning results with respect to the various CONTACT-2 steps than less successful 
students and they performed the various instructional steps in a better way. 
One could conclude that, during the training sessions, quantitative and 
qualitative differences in cognitive learning activities showed up when students 
were performing the second CONTACT-2 step ("comparing and contrasting 
preconceptions with the new information"). These differences continued to 
exist (at least) until students were doing the corresponding learning 
performance post-test. Thus, the way in which students perform the second 
CONTACT-2 step appears to be crucial for the effectiveness of the CONTACTS 
strategy as a whole. In other words, there appears to be a strong relationship 
between the quality of the students' elaborations of the second instructional 
step on the one hand and the quality of their final conceptions and their 
learning performance on the other hand. Therefore, the conclusion seems to be 
justified that comparing and contrasting skills have to be learned (especially by 
the less successful students). The CONTACT-2 strategy, however, does not 
include explicit training procedures aimed at acquiring these skills. Whereas 
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comparing and contrasting skills appear to be crucial for the effectiveness of 
the CONTACT 2 strategy as a whole, implementing strategic models, specific 
exercises, and instructional guidance aimed at fostering these skills could be 
recommended, especially during the first training sessions In this respect, it is 
important that these instructional aids are not too context bound, so that 
students can apply comparing and contrasting skills in other learning contexts 
as well On the other hand, it should be noted that the CONTACT 2 strategy 
should not be transformed into a specific training procedure only aimed at 
promoting comparing and contrasting skills the cognitive learning activities 
corresponding to the other instructional steps remain essential for conceptual 
change processes, as had been shown in the first study (see for more details 
chapter 4) 
The results and conclusions from the four empirical studies are summarized and 
discussed in chapter 8 of this dissertation Furthermore, in this chapter, 
recommendations for future research and educational practice are formulated 
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SAMENVATTING 
Gedurende de laatste decennia hebben veel onderzoekers gewezen op de 
bepalende invloed van voorkennis op de leerprocessen en leerresultaten van 
leerlingen Voorkennis kan omschreven worden als alle kennis waarover 
lerenden beschikken wanneer ze in een bepaalde leeromgeving komen en die 
mogelijk relevant is voor het construeren van nieuwe kennis Waar het de 
terminologie betreft die in dit proefschrift gehanteerd wordt, dienen de 
begrippen "voorkennis", "preconcepties", "informele kennis", "naïeve 
theorieën", "alternatieve concepties" "alternatieve raamwerken" en 
'oorspronkelijke ideeën" opgevat te worden als synoniemen Concepties 
weerspiegelen de wijze waarop lerenden bepaalde verschijnselen waarnemen 
Preconcepties kunnen dus omschreven worden als domeinspecifieke concepties 
die door leerlingen op basis van hun concrete, alledaagse ervaringen of 
interacties met bepaalde natuurlijke verschijnselen geconstrueerd zijn voor het 
tijdstip van formele instructie 
In recente constructivistische leertheorieën (zie voor meer details hoofdstukken 
1 en 2) wordt het actief gebruiken van voorkennis beschouwd als een 
sleutelstrategie voor het construeren van rijke en bruikbare mentale 
representaties tijdens het bestuderen van nieuwe informatie Als de lerende 
representaties van een bepaald domein heeft geconstrueerd op basis van 
leerervaringen in het verleden, dan kan hij of ZIJ deze voorkennis gebruiken bij 
het bestuderen van verwante informatie voorkennis kan de lerende in staat 
stellen om begrippen met elkaar in verband te brengen, voorbeelden te 
bedenken, het leermateriaal te structureren, etc Het activeren van voorkennis 
kan dus kennisconstructieprocessen ondersteunen met een hogere mate van 
begrip als resultaat 
In veel leersituaties gaan de preconcepties van leerlingen echter niet 
automatisch deel uitmaken van het leerproces en/of slagen de leerlingen er met 
in om hun voorkennis bewust en actief te activeren en te gebruiken Hierdoor 
bestaat de mogelijkheid dat ze nieuwe informatie leren als "geïsoleerde" 
kenniseenheden en moeilijkheden ervaren bij het toepassen van de nieuwe 
kennis in nieuwe situaties Met andere woorden, leerlingen blijken vaak 
ondersteuning nodig te hebben bij het activeren van hun voorkennis en het 
leren op een betekenisvolle wijze 
Het activeren van voorkennis kan tevens het (drastisch) herstructureren van 
reeds bestaande kennis (conceptuele verandering) bevorderen zodat leerlingen 
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een bruikbaarder conceptueel raamwerk voor bepaalde contexten construeren 
Voorafgaand onderzoek heeft uitgewezen dat veel lerenden niet over correcte 
preconcepties (ι e preconcepties die in overeenstemming zijn met algemeen 
geaccepteerde wetenschappelijke inzichten) beschikken voor het tijdstip van 
formele instructie hun voorkennis is vaak niet of slechts gedeeltelijk in 
overeenstemming met algemeen geaccepteerde wetenschappelijke inzichten 
Veel studies hebben aangetoond dat incorrecte of deels incorrecte voorkennis 
relatief stabiel en moeilijk te veranderen is Dergelijke incorrecte of deels 
incorrecte concepties kunnen kennisconstructieprocessen blokkeren als ze niet 
gediagnostiseerd en gecorrigeerd worden tijdens het leren Het feit dat 
leerlingen over incorrecte of deels incorrecte concepties beschikken, impliceert 
dus dat leren niet alleen bestaat uit het verwerven of construeren van nieuwe 
concepties, maar ook uit het herstructureren van bestaande concepties 
(conceptuele verandering) 
Op basis van de voorgaande conclusies (zie voor meer details hoofdstukken 1 
en 2) is de centrale vraag hoe leerlingen geholpen kunnen worden bij het 
gebruiken van hun correcte of deels correcte voorkennis (zonder interferentie te 
veroorzaken) en, tegelijkertijd, bij het omgaan met incorrecte of deels incorrecte 
voorkennis (die moeilijk te veranderen is) De probleemstelling van dit 
proefschrift is dus als volgt Op welke wijze kunnen voorkennisactivering en 
conceptuele verandering bevorderd worden of met andere woorden, op welke 
wijze kunnen kennisconstructie en kennisherstructureringsprocessen 
gestimuleerd worden? In dit opzicht sluit dit boek aan bij een belangrijke trend 
in het natuurwetenschappelijk onderwijs de idee dat natuurwetenschappelijk 
onderwijs gericht dient te zijn op begrippen en op conceptuele verandering 
teneinde het begrip van leerlingen te verhogen In de vier empirische studies die 
in dit proefschrift beschreven worden (zie voor meer details hoofdstukken 4 tot 
7), is getracht voorkennisactivering en conceptuele verandering bij en door 
leerlingen te bevorderen In deze studies is de CONTACT strategie, waarvan de 
effectiviteit door Ah (1990) was aangetoond (zie voor meer details hoofdstuk 
3), aan nader onderzoek onderworpen 
De CONTACT strategie is gebaseerd op hedendaagse instructiebenaderingen van 
het fenomeen "conceptuele verandering" (zie voor meer details hoofdstukken 2 
en 3) Deze instructiestrategie wordt gekenmerkt door coNTinue, 
computerondersteunde ACTivering van de concepties van individuele leerlingen 
tijdens het verwerken van verklarende teksten (domein elementaire fysische 
geografie) 
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De CONTACT strategie is gebaseerd op een procesgericht, heuristisch 
activenngsmodel bestaande uit vijf stappen gericht op conceptuele verandering 
1) zoeken naar eigen preconcepties, 
2) vergelijken en contrasteren van deze preconcepties met de nieuwe 
informatie, 
3) formuleren van nieuwe concepties op basis van de vorige stap, 
4) toepassen van de nieuwe concepties, 
5) evalueren van de nieuwe concepties op basis van de vorige stap 
Computerondersteunde instructiestrategieen die gericht zijn op conceptuele 
verandering zoals de CONTACT strategie kunnen individuele leerlingen in staat 
stellen om hun eigen concepties als uitgangspunt te gebruiken voor 
kennisconstructie en kennisherstructureringsprocessen, hetgeen nauwelijks 
gerealiseerd kan worden in concrete klassesituaties Bovendien kunnen 
computerondersteunde instructiestrategieen de leerling activeren om 
leeractiviteiten te verrichten die gericht zijn op conceptuele verandering en 
ondersteuning verlenen wanneer de leerling deze nodig heeft 
De vier empirische studies (zie voor meer details hoofdstukken 4 tot 7) waren 
gericht op het beantwoorden van de volgende concrete onderzoeksvragen 
1) In welke mate dragen de diverse stappen van de CONTACT strategie bij 
aan de effectiviteit van de strategie (zie hoofdstuk 4)? 
2) Kunnen de effecten van de CONTACT strategie vergroot worden (zie 
hoofdstuk 5)? 
3) In welke mate kunnen leerlingen de verschillende leeractiviteiten aanleren 
die corresponderen met de stappen van de instructiestrategie (zie 
hoofdstuk 6)? 
4) Welke (kwantitatieve en kwalitatieve) verschillen in cognitieve 
leeractiviteiten bestaan er tussen leerlingen die succesvol zijn in het 
bestuderen van tekst terwijl ze ondersteund worden door de 
instructiestrategie en leerlingen die minder succesvol zijn in dit opzicht 
(zie hoofdstuk 7)7 
Zoals hierboven vermeld, was het doel van de eerste studie (zie voor meer 
details hoofdstuk 4) om de effecten te onderzoeken van de verschillende 
stappen van de CONTACT-strategie De CONTACT-strategie werd daarom op 
systematische wijze "ontmanteld" 
143 
De proefpersonen (86 leerlingen uit groep 7 en 8 van het basisonderwijs) 
werden toegewezen aan vier instructiecondities die verschilden met betrekking 
tot het aantal stappen van de betreffende strategie 
1) stap 1 stap 5 (CONTACT conditie), 
2) stap 1 - stap 3 (NIEUW IDEE conditie), 
3) alleen stap 1 (OUD IDEE conditie), 
4) geen van de CONTACT stappen (controleconditie GEEN ACTIVERING) 
De volledige CONTACT strategie bleek effectiever te zijn in het bevorderen van 
conceptuele verandering (wat betreft de kwaliteit van de uiteindelijke 
concepties van de leerlingen) dan de twee "ontmantelde" varianten (in het 
bijzonder voor leerlingen die al heel bekend waren met de centrale begrippen uit 
de leertaken) leerlingen die toegewezen waren aan de volledige CONTACT 
conditie construeerden concepties die de relaties tussen de centrale begrippen 
uit de trainingsteksten beter representeerden Wat de leerprestaties van de 
leerlingen betreft, bleek het echter onmogelijk om de door Ali (1990) gevonden 
trainingseffecten te "ontmantelen", aangezien de CONTACT strategie niet 
superieur was aan de andere instructiecondities de verschillende 
instructiecondities verschilden niet van elkaar wat betreft de leerprestatiescores 
van de leerlingen Desalniettemin was er enige bewijslast voor de selectieve 
aandacht hypothese De leerlingen leken zich voornamelijk te richten op het 
construeren van correcte concepties, terwijl ze informatie die minder direct 
verband hield met de centrale begrippen uit de teksten veronachtzaamden Dit 
leidde tot lagere leerprestatiescores op minder direct gerelateerde toetsvragen 
(in vergelijking met de controlegroep GEEN ACTIVERING) Een andere opvallende 
uitkomst was het gebrek aan retentieverhes voor de CONTACT groep terwijl alle 
andere groepen aanzienlijk lager presteerden op de retentietoets dan op de 
natoets, bleef de CONTACT-groep op hetzelfde niveau Dit resultaat in combinatie 
met de bevindingen met betrekking tot de uiteindelijke concepties van de 
leerlingen gaf aanleiding te veronderstellen dat het onderliggende 
activeringsmodel toch effectief zou kunnen zijn in plaats van de effectiviteit 
van de CONTACT strategie te ontkennen, leek het beter te trachten de strategie 
te verbeteren 
In de tweede studie (zie voor meer details hoofdstuk 5) werd daarom een 
herziene variant van de CONTACT strategie, de CONTACT 2 strategie, ontworpen 
De CONTACT 2 strategie werd zowel gekenmerkt door aanpassingen om het 
selectieve aandacht probleem te ondervangen als door aanpassingen om de 
effectiviteit, de efficiëntie en de flexibiliteit van de oorspronkelijke CONTACT 
strategie te verhogen Het doel van dit onderzoek was om na te gaan of de 
aanpassingen van de CONTACT strategie resulteerden in een toegenomen 
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effectiviteit in termen van concepties en leerprestaties De proefpersonen (74 
leerlingen uit groep 7 en 8) werden daarom toegewezen aan drie 
instructiecondities 
1) oorspronkelijke CONTACT conditie, 
2) CONTACT 2-conditie, 
3) controleconditie GEEN ACTIVERING 
Op basis van de resultaten van deze studie kan geconcludeerd worden dat de 
CONTACT 2-strategie effectiever was als instructiestrategie gericht op 
voorkennisactivering en conceptuele verandering dan de andere twee condities 
omdat de leerlingen concepties construeerden die de relaties tussen de centrale 
begrippen uit de leertaken beter representeerden (en die ze ook op adequatere 
wijze konden toepassen m andere probleemsituaties) en omdat ze hogere 
leerprestatiescores behaalden Bovendien bleek de effectiviteit van de CONTACT 
2-strategie niet afhankelijk te zijn van de mate van conceptuele overeenkomst 
tussen de leerprestatietoetsvragen en de centrale begrippen uit de teksten en 
van het tijdstip van toetsing Tenslotte bleek de CONTACT 2 strategie efficiënter 
te zijn dan de oorspronkelijke coNTACT-strategie wat betreft benodigde leertijd 
Kortom, de aanpassingen van de oorspronkelijke CONTACT strategie bleken te 
resulteren in een verhoogde effectiviteit, efficiëntie en flexibiliteit van de 
strategie en in een adequate oplossing voor het selectieve aandacht probleem 
blijkbaar werd de aandacht van de leerlingen gevestigd op de leertaken als 
geheel en niet alleen op de relaties tussen de centrale begrippen 
Het derde onderzoek (zie voor meer details hoofdstuk 6) was gericht op een 
ander aspect van de CONTACT 2 strategie, namelijk de hoge mate van externe 
sturing Zoals aangetoond in de vorige studie, kan een hoge mate van externe 
sturing leiden tot concepties van een hogere kwaliteit en tot betere 
leerprestaties Een hoge mate van externe sturing kan echter ook resulteren in 
een grotere afhankelijkheid van dergelijke ondersteuning Een hoge mate van 
afhankelijkheid van externe sturing kan een ongewenst neveneffect zijn van een 
(elke) instructiestrategie op de langere termijn zonder externe hulp zouden 
leerlingen niet in staat kunnen zijn om de betreffende leeractiviteiten zelf te 
initiëren en uit te voeren en dus ook niet om de leerdoelen te bereiken 
Bovendien zou het onmogelijk zijn om op basis van de CONTACT 2 strategie 
instructieprogramma's te ontwerpen voor alle leerstof 
Daarom stond in het derde onderzoek de vraag centraal welke 
instructiecondities vereist zijn om leerlingen te leren hoe ze zelf de verschillende 
instructiestappen kunnen initiëren en uitvoeren, of, met andere woorden, hoe ze 
zelf hun eigen preconcepties kunnen activeren en processen gericht op 
conceptuele verandering kunnen aansturen De CONTACT 2 strategie diende als 
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uitgangspunt voor het ontwerp van verschillende traimngsprocedures die 
gericht waren op het verbeteren van de kwaliteit van het zelfstandig leren Deze 
trainingsprocedures werden gekenmerkt door een geleidelijke overdracht van de 
verantwoordelijkheid voor leerprocessen van de leeromgeving aan de lerende 
("terugtrekken" van externe controle) In de eerste experimentele conditie werd 
de strategische ondersteuning geleidelijk teruggetrokken binnen elke 
instructiestap, terwijl in de tweede experimentele conditie het aantal stappen 
werd teruggebracht naarmate de training vorderde De oorspronkelijke CONTACT 
2 conditie gold als controleconditie Proefpersonen waren 65 leerlingen uit 
groep 7 en 8 De afhankelijke variabelen betroffen de vaardigheiden van de 
leerlingen om leeractiviteiten gericht op conceptuele verandering te initiëren en 
uit te voeren, de kwaliteit van hun concepties en hun leerprestaties 
De resultaten van deze studie suggereerden dat het "terugtrekken" van externe 
sturing een bruikbare instructiebenadering kan zijn om zelfstandig leren gericht 
op voorkennisactivering en conceptuele verandering te bevorderen, mits de 
procedure van "terugtrekken" afgestemd is op het daadwerkelijke niveau van 
zelfstandig leren van de leerlingen Op deze wijze kunnen zowel de kwaliteit van 
het zelfstandig leren als de leerprestaties verbeterd worden In dit onderzoek 
bleek de experimentele conditie "terugtrekken binnen elke instructiestap" de 
meest effectieve conditie te zijn (met betrekking tot de kwaliteit van de 
uiteindelijke concepties van de leerlingen en hun leerprestaties) in de meeste 
leersituaties (variërend wat betreft de mate van geboden externe sturing) deze 
conditie bleek te leiden tot de hoogste mate van cognitieve flexibiliteit Met 
andere woorden, waar het "leren leren"-trainmgsprocedures betreft die gericht 
zijn op conceptuele verandering, lijkt een leeromgeving die gekenmerkt wordt 
door een redelijk hoge mate van externe sturing het meest geschikt om mee te 
starten De externe controle dient niet teruggetrokken te worden voordat de 
leerlingen in staat (en bereid) zijn om de vereiste leeractiviteiten te initiëren en 
uit te voeren als de mate (of de soort) van externe ondersteuning met adequaat 
is om aan de behoeften van de leerling te voldoen, zijn "destructieve fricties" en 
lagere leerprestaties waarschijnlijk het resultaat Als echter aan deze 
voorwaarde voldaan is, lijkt het mogelijk om effectieve trainmgsprocedures te 
ontwerpen voor "leren gericht op conceptuele verandering" 
Op basis van de resultaten van het tweede onderzoek (zie voor meer details 
hoofdstuk 5) kan geconcludeerd worden dat de CONTACT 2 strategie effectief is 
als procesgerichte instructiestrategie gericht op het ondersteunen van 
processen van voorkennisactivering en conceptuele verandering deze studie 
verschafte additionele empirische ondersteuning voor het onderliggende 
activenngsmodel Dit onderzoek beantwoordde echter niet de vraag welke 
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cognitieve leeractiviteiten leerlingen dienen uit te voeren om op een effectieve 
manier met de CONTACT 2 strategie te werken 
Daarom werd een vierde studie (zie voor meer details hoofdstuk 7) ontworpen 
om de (kwantitatieve en kwalitatieve) verschillen in cognitieve leeractiviteiten te 
onderzoeken tussen leerlingen die succesvol zijn in het bestuderen van teksten 
terwijl ze ondersteund worden door de CONTACT 2-strategie en leerlingen die 
minder succesvol zijn in dit opzicht Om te ontdekken welke cognitieve 
leeractiviteiten uitgevoerd werden door de leerlingen terwijl ze met de CONTACT 
2 strategie werkten, werd gebruik gemaakt van de hardop denkmethode Alle 
proefpersonen (10 leerlingen uit groep 7 en 8) werden toegewezen aan dezelfde 
instructieconditie de CONTACT 2 conditie (zie voor meer details hoofdstuk 5) Na 
de training werden de proefpersonen op basis van hun leerprestatiescores 
toegewezen aan een van de volgende twee groepen succesvolle leerlingen 
(N = 6) en minder succesvolle leerlingen (N=4) 
Tussen succesvolle leerlingen en minder succesvolle leerlingen werden zowel 
kwantitatieve als kwalitatieve verschillen gevonden succesvolle leerlingen 
bleken betere leerresultaten te behalen bij de verschillende CONTACT 2 stappen 
dan minder succesvolle leerlingen en ze voerden de verschillende 
instructiestappen op een betere manier uit Gedurende de tramingssessies 
bleken kwantitatieve en kwalitatieve verschillen in cognitieve leeractiviteiten 
zich voor te doen wanneer de leerlingen de tweede CONTACT 2 stap uitvoerden 
("vergelijken en contrasteren van preconcepties met de nieuwe informatie") 
Deze verschillen bleven (ten minste) bestaan totdat de leerlingen de 
bijbehorende leerprestatietoets maakten De wijze waarop de leerlingen de 
tweede CONTACT 2-stap uitvoeren, blijkt dus cruciaal te zijn voor de effectiviteit 
van de CONTACT 2-strategie als geheel Met andere woorden, er blijkt een sterke 
relatie te bestaan tussen de kwaliteit van de uitwerking van de tweede 
mstructiestap door de leerlingen enerzijds en de kwaliteit van hun uiteindelijke 
concepties en hun leerprestaties anderzijds Daarom lijkt de conclusie 
gerechtvaardigd dat vaardigheden in het vergelijken en contrasteren geleerd 
dienen te worden (in het bijzonder door de minder succesvolle leerlingen) De 
CONTACT 2 strategie omvat echter geen expliciete trainingsprocedures gericht op 
het verwerven van deze vaardigheden Aangezien vaardigheden in het 
vergelijken en contrasteren van cruciaal belang blijken te zijn voor de 
effectiviteit van de CONTACT 2 strategie als geheel, is het inbouwen van 
strategische modellen, specifieke oefeningen en ondersteuning gericht op het 
bevorderen van deze vaardigheden aanbevelenswaardig, vooral aan het begin 
van de training In dit verband is het van belang dat deze ondersteuning met te 
contextgebonden is zodat leerlingen vaardigheden in het vergelijken en 
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contrasteren ook in andere leersituaties kunnen toepassen. Wel dient erop 
gewezen te worden dat de coNTACT-2-strategie niet omgevormd dient te worden 
tot een specifieke trainingsprocedure die alleen bedoeld is om vaardigheden in 
het vergelijken en contrasteren te bevorderen: zoals aangetoond in de eerste 
studie (zie voor meer details hoofdstuk 4), blijven de cognitieve leeractiviteiten 
die corresponderen met de andere instructiestappen essentieel voor processen 
gericht op conceptuele verandering. 
De resultaten en conclusies van de vier empirische studies worden samengevat 
en bediscussieerd in hoofdstuk 8 van dit proefschrift. Bovendien worden in dit 
hoofdstuk aanbevelingen geformuleerd voor vervolgonderzoek en voor de 
onderwijspraktijk 
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